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FORD BEATS CHEVY AGAIN 
--BIGGEST LEAD EVER. 
BIG FORD PICKUPS TOP CHEVY 


IN SALES FOR TI STRAIGHT YEARS. 
IT'S BUILT HI-TECH AND TOUGH-- 


FOR UP TO $815 LESS. 


Ford has been 
Americas best-selling 
full-size pickup 11 
straight years—and last 
year beat runner-up 
Chevy by 131,000 pick- 
ups—Ford's biggest 
winning margin ever!** 
There are lots of rea- 
sons why: 


Ford's big pickups 
offer a bigger standard 
Six—with 12% more 
torque than Chevy. V-8s 
range from most pow- 
erful small gas V-8 to 
biggest diesel in any 
pickup! 

BIGGEST BOX, 
MORE PAYLOAD 

You get a larger, 
wider, deeper pickup 
box from Ford. And 
Ford payloads exceed 
Chevy by up to 270 lbs. 
$815 LESS THAN CHEVY* 

Big Ford pickups 
were first with rear 
Anti-lock brakes, and 
offer multiple-port 
fuel-injected engines, 


COMPARE FORD TO CHEVY* 


Ford F-150 LWB 
XLT Lariat— 
5-Speed 


Chevrolet Ford 
C-1500 LWB 
Silverado 5-Speed, 
Equipment comparably 

Package 507A equipped 
$12,046 $12,861 

No charge items on Ford manual transmission packages 

include: 

Radio, AM/FM Stereo 

P-235 Tires 

Argent Rear Step Bumper 

Sliding Rear Window 


Package content differs and savings vary in La., Okla., 
Texas. F-150 prices higher in N.Y. See your dealer for 
complete details. 


standard. F-150 XLT 
Lariat with option pack- 
age 507A offers this— 
and Ford's shape-of- 
tough styling—for $815 
less than the compara- 
bly equipped Chevy!* 


$815 less 


Bright Low-Mount Mirrors 
Auxiliary Fuel Tank 
Tinted Glass 

Tachometer 


Advantage 


6/60 WARRANTY 
Covers powertrains 
for 6 years/60,000 miles 
and body-panel rust- 

through for 6 years/ 
100,000 miles? 


AMERICAN TRUCKS 
7 YEARS RUNNING 
Based on an average 
of owner-reported 
problems in a series of 
surveys of ’81-’87 mod- 
els designed and built 
in North America. At 
Ford, “Quality is Job 1” 


BIG FORD PICKUPS 


AMERICAS TRU 


Optional two-tone paint 
$215 MSRP 


Preferred Equipment Package 
‘compared to MSRP of comparably 
equipped C-1500 Chevrolet model. Com- 
parisons based on prices available at 
time of publishing, including 

and delivery charges and excluding title 
and taxes. 

**Based on calendar year manufacturers’ 
reported retail deliveries, 197 
+Restrictions and deductible apply. 
Copies of this limited warranty are avail- 
able at your Ford Dealer. 


Budde up—together we can save lives. 
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Tomorrow's 
house 


Tomorrow's house may look like 
today's, but underneath it will be 
as different as a jet from a jitney. 
Our special section covers new 
technologies that will make houses 
"smart," plus: plastic homes, ro- 
bots that build, windows as energy 
efficient as walls, heat-storing 
walls, and products here now to 
raise your home's IQ. Page 41 


Midair 
collisions 


A new electronic system soon to 
be used in all US. aircraft warns 
of possible collisions and tells pi- 
lots how to escape disaster. But is 
it effective enough? 36 


Deck doctors 


Your deck takes a beating from 
sunlight, rain, and snow. So un- 
less you're unusually diligent, your 
elegant addition can soon become 
a weather-beaten eyesore. Enter 
wood renewers— spray- and brush- 
on solutions that bring your deck 


back to life. Page 66 


Upward 
aga 
mobility 
Can you have speed, handling, and 
luxury? We test Merkur Scorpio, 


Cadillac Seville, Volvo 760 Turbo, 
and Lincoln Continental. Page 26 
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Statistics say this year one 
in every four homes will be burglarized. 
Tonight, go out your front door and 
look to your left. 
Count down three houses. 


It should take you only alittle ^ professionally installed systems. safer athome centers, hard- 
over an hour on a Saturday Ata starting price thats much ware stores and locksmiths.Or 
morning to install the Schlage more reasonable.$199.Youcan if you'd like more information, 
Keepsafer™ After all, it's wireless. even add on an emergency dialer. we're at 1-800-84-ALERT. 

So you'll find a screwdriver's all A do-it-yourself security 

that's needed to securely alarm system has never been this Schlage. 
doors and windows. Yet Keep- good. Or this easy. One hour. | 
safer is so effective, experts Think about it. - 

claim it's every bit as good as Look for the Schlage Keep- SECURITY SYSTEM 


This One 


MES TTE 


Readers Talk Back 


No-buzz Quad 4 


I read your May story “4-Valves” with 
interest because I just bought a five- 
speed Pontiac Grand Am four-door 
with a Quad 4. I wanted to test your 
finding that buzzing feedback from 
the Calais’s Quad 4 engine was bad 
enough to blur the numbers on a wrist- 
watch. I immediately went out and 
ran my car up to 7,000 rpm in the first 
three gears, while keeping an eye on 
my watch and holding tightly to the 
steering wheel. I noticed little vibra- 
tion—and could read the correct time. 
As you pointed out, the engine does 
stumble below 2,000 rpm from a 
standing start, and the gearbox is 
notchy, but a lot can be forgiven for 
an actual 25 mpg in town and 36 on 
the road at a brisk clip. I wonder 
whether a Calais two-door can really 
be that different from a Grand Am 
four-door or whether your results are 
a bit questionable. 

John Gill, Cincinnati, Ohio 


The origin of the high-rpm vibration 
T reported is likely an engine-balancing 
problem. Whether it is perceptible to 
the driver depends on the overall tun- 
ing of engine mounts, steering column, 
and such, which can vary a great deal 
from model to model. I would expect 
the vibration to be eventually tuned out 
of the Calais as well.—Dan McCosh 


Remember your neighbor 


Your “Science and Technology Travel 
Guide” [May] should have included 
some of the top science and technol- 
ogy attractions in Canada as well. For 
example, such cities as Ottawa, To- 
ronto, Vancouver, and Calgary are pic- 
tured on the accompanying travel map, 
and they all have excellent attractions 
—most within an hour or two by car 
from the U.S.-Canada border. 
Victor Matthews 
Dartmouth, Nova Scotia, Canada 


Belly benefits 


In the June “RTB,” a reader responds 
to the report about the benefit of rub- 
bing a wound with the belly of a catfish 
[Science Newsfront,” April] and men- 
tions that frog bellies seem to have a 


Address letters for this column to: Readers Talk Back. POPULAR 
Science, 380 Madison Ave., New York, N.Y. 10017. We are 
unable іо acknowledge unpublished letters, 


similar benefit. It may interest you 
that Science News reported the dis- 
covery of two peptides in frog skin that 
stave off microbe attacks. Michael 
Zasloff, the discoverer, has named 
these “magainins.” Maybe these pep- 
tides also exist, perhaps in more abun- 
dance, in catfish. 

Ping-chung Wu, Campbell, Calif. 


An m is not an M 


A 300-foot rotor is a Big Blade 
[“What’s New,” May], but it ought to 
put out more than 3.2 milliwatts (mW). 
I think you meant megawatts (MW). 
Watch those metric abbreviations: 
small letters for fractions of a unit, 
capital letters for multiples. 

Robert M. Strippy, Charlottesville, Va. 


No solar cooler 


In the March “Energy Q&A" item Sun- 
Powered Cooling, Jan F. Kreider listed 
American Yazaki Corp. as a manu- 
facturer of residential-size solar-pow- 
ered cooling systems. We did supply 
such systems in the past and continue 
to sell solar-related products to foreign 
markets, but we no longer import such 
equipment to the United States. We 
have received many inquiries from 
readers of PoPULAR ScIENCE, and we 
want them to understand why the 
company has not responded to their 
information requests. Additionally, our 
Dallas office (13740 Omega Rd., Dal- 
las, Texas 75244-4516) is responsible 
for Yazaki air-conditioning equipment, 
not the Michigan address you cited. 
Edie Filbert, executive secretary 
American Yazaki Corp. 
Dallas, Texas 


Stretching it? 
World's longest suspension bridge 
["Super Span,” June]? Not according 
to my road atlas. The Mackinac Straits 
Bridge, connecting Michigan's upper 
and lower peninsulas, is five miles 
long, or 26,400 feet. That's slightly 
more than twice the 12,828 feet given 
as the length of the Akashi Bridge. 
Stanley E. Reynolds 
Union Lake, Mich. 


The measurement referred to in the 
article is for the main span only; it does 
not include either of the bridge ap- 
proaches. The Mackinac Straits Bridge 
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THIS IS THE STUFF 
THAT KILLS WATER HEATERS. 


The Reliance Sta-Kleen* 805 gas water heater 
has the cure for killer sediment buildup. 


Sediment inside the 


EE * tank ofan ordinary 
water heater can be 
deadly. It destroys 
efficiency increasing 
fuel use. And it pro- 
motes corrosion 
causing premature 
tank failure. 1 
Sta-Kleen's patented | | 
self-cleaning design 
creates a vortex o 
turbulence inside the | 
tank to prevent sedi- | 
ment accumulation. | 
So it takes advantage HE 


Sta-Kleen 805 is manufactured 
under patent number 4, 505, 231. 


ш O RELIANCE 
| <> == °, 


| | 130 Cumberland Street, Ashland City Tennessee 37015 


© 
3 
£ 


of the economy of gas for years of trouble- 
free operation. Years of more hot water 
for less money. 

And every Reliance Sta-Kleen 805 
comes with an 8-year limited warranty 
on the tank and a 5-year limited war- 
ranty on all parts. 


WATER HEATER COMPANY 


For the name of your 
nearest Reliance 
dealer, just call 
1-800-365-4054. o 
d Gas heats water for one- 
half the cost of electricity. 
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Readers Talk Back continued 


has a 3,799-foot main span—the fourth 
longest now, and the fifth longest when 
the Akashi bridge is completed in the 
1990s.—John Free 


Safety in the tub 


The grand-prize-winning deck fea- 
tured in the June issue is certainly 
beautiful; but I take issue with one 
aspect of the lead photo. The use of 
alcoholic beverages by people in hot 
tubs may be popular, but it should be 
vigorously discouraged. The combined 
effects of alcohol and the heat of the 
water on the peripheral circulation 
system could lead to serious problems, 
especially for people with cardiac prob- 
lems. Overuse of intoxicants could, in 
the worst case, lead to drowning. Fi- 
nally, glass bottles and containers in 
the wet, slippery environment of a hot 
tub present another hazard. 

Alan G. Stern, M.D., Boca Raton, Fla. 


Constructing a tomb? 


The finished basement you featured 
in the May issue [“8 Great Ideas for 
an Elegant Basement”] could invite 
disaster. Imagine if guests are sleep- 
ing in the basement bedroom and a 
fire ignites at the top of the stairs on 
the first floor. There would be no es- 
cape. Please stop telling people how 
to make tombs out of their basements. 
As lovely as the basement is, it is any- 
thing but “finished.” 
John S. May, architect 
Port Jefferson, N.Y. 


My brief text should have mentioned 
that a second escape route is always 
recommended when finishing a base- 
ment—and may even be required by 
local codes. In the project shown, sec- 
ondary escape is through the four foun- 
dation windows. The stained-glass 
overlays that hide the eyesore window 
wells are friction-fitted in their win- 
dow frames for easy removal. Builder 
Dave Firszt knows for a fact that these 
windows provide access: He recently 
went in that way when he forgot his 
house keys.—Al Lees 


Faulty fault stopper 


I just finished reading “Shock Stop- 
per” in the May issue. The subject is 
an important one and the article was 
well-written, but I want to call a few 
things to your attention. First, you in- 
correctly state that 10-32 machine 
screws are used to fasten receptacles 
to device boxes; they are attached with 
6-32 machine screws. Second, in the 
photo the neutral (white) wire is being 


connected to the wrong set of termi- 

nals, those for the “hot” (black) wire. 

Finally, the only certain test to deter- 

mine whether a box is grounded is to 

use an ohmmeter. Even if conduit or 

metallic-sheathed cable is found— 

which is questionable—there is no ab- 

solute assurance that there is conti- 

nuity of the ground all the way back 
to the service entrance. 

Dr. James E. LaPorte 

Associate Professor 

Virginia Polytechnic 

and State University 

Blacksburg, Va. 


You're right about the first point—those 
are 6-32 machine screws. I caught the 
error too, but the article was already 
on the presses. As for the second point: 
While the GFCI-wiring photo may look 
wrong, a black insulated wire is actu- 
ally being connected as it should be to 
the brass-colored terminal. However, 
it is hiding behind that screwdriver 
blade. The white wire in fact runs to 
the other side of the receptacle where 
it is connected properly to the silver- 
colored terminal. Finally, it's really a 
matter of opinion, but I still think it is 
worthwhile for readers at least to look 
for bare- or green-insulated wires or 
a metal outlet box served by armored 
cable or metallic conduit to determine 
whether the outlet box is grounded. 
—Richard Day 


Reaction to reactive armor 


In reference to your article "Tank 
Armor That Fights Back" [April], a 
shaped-charge explosive does not pro- 
duce a "metal jet." It is a solid parti- 
cle stream, like a steel rod. The 
detonation of explosives does not di- 
rectly affect the shaped-charge parti- 
cle stream. What does affect and de- 
grade the particle stream is the thin 
layer of explosive that forces a steel 
plate across the path of the incoming 
particle stream. It's like moving your 
hand back and forth across a garden 
hose's water stream. 

The biggest myth concerning reac- 
tive armor is that the Soviets devel- 
oped it from captured Israeli tanks. 
The Soviets had already developed it 
in 1982. Satellite photos taken in the 
early 1980s of Russian tanks fitted 
with reactive armor gave the US. mil- 
itary the impression that the Soviets 
were developing heavy tanks similar 
to our M-1. This proved an embarrass- 
ment when an artist's conception of 
the suspected tank was printed in the 
Pentagon's Soviet Military Power. 

Jack E. Hammond, Defense Data 
Spiceland, Ind. 


Select 


Publisher Grant A. Burnett 


Advertising Director Jim P. Walsh 

ADVERTISING OFFICES 

NEW YORK 

380 Madison Ave., New York NY 10017 
(212) 687-3000 


New York Manager Henry J. Watkins 
Hally Birnbaum, Gregg R. Hano, 
Barbara Jones, Frank Marshall 
Promotion Manager Harry Fleischman 
Production Manager Lisa Goren 
Makeup Manager Yvonne King 
Assistant Oris D'Amil 
Classified Advertising Director Ernestine W. Grant 
Assistant to Publisher Cindi Di Marzo 
Brenda Charles, Shelby Duncan 
CHICAGO 
875 М. Michigan Ave., Chicago IL 60611 
(312) 337-7717 
Manager Jim King 
Anne Conover, Ed McGoldrick, Sharon P. Hensley 


WEST COAST 

3550 Wilshire Bivd., Los Angeles CA 90010 
(213) 380-1936 

Manager Jacqueline Donnelly Kelly 

Theodore L. Henry, Theresa Thum 

SOUTHWEST 

16990 Dallas Pkwy.. Suite 220, Dallas TX 75248 
(214) 380-0416 

Kelly/Shattles & Co. 

Joe Kelly, Harry Weiss 

DETROIT 

755 W. Big Beaver Rd., Suite 420, Troy MI 48084 
(313) 362-9005 

Manager Edward A. Bartley 

Nancy Ludeman 


Published monthly by 

TIMES MIRROR MAGAZINES, INC. 

380 Madison Avenue, New York NY 10017 
ISSN 0161-7370 


Chairman of the Board HERBERT K. SCHNALL 

President and Chief Executive Officer 
FRANCIS P. PANDOLFI 

Executive Vice President/Group Publisher. 
JAMES KOPPER 

Executive Vice President/Administration 
PATRICIA G. CAMPBELL 

Senior Vice President MICHAEL HAUGH 

Group Publisher JOHN CRAWLEY 

Vice President of Circulation DIANE POTTER 

Controller JOHN D. MARTIN 

Director of Manufacturing KIT TAYLOR 

Promotion Director JAMES M. GIRALDEZ 

Research Director WILLIAM H. HUNTTING JR. 

Circulation Director MICHELE JEHLE 

Marketing Director DEB LEES 


PHOTOCOPY PERMISSION: Permission is granted by Popu- 
lar Science" for libraries and others registered with the 
Copyright Clearance Center (CCC) to photocopy articles in 
this issue for the flat fee of $1 per copy of each article or 
any part of an article. Send correspondence and payment 
to CCC (21 Congress St., Salem. Mass. 01970): specify 
CCC code 0161-7370/85/$1.00 +0.00. Copying done for 
other than personal or reference use without the written 
permission of Popular Science * is prohibited. Address re- 
‘quests for permission on bulk orders to Chief Editorial Asst. 
Popular Science, 380 Madison Ave... New York. NY 10017 
Popular Science is a federally registered trademark of 
Times Mirror Magazines. Inc. 


8 | POPULAR SCIENCE 


FREE 
SAMPLES 
SEE DETAILS 


BELOW. 


TUFOIL [6 SLIPPERIER 
THAN TEFLON / 


MAKES YOUR CAR’S ENGINE 
WORK BETTER — LAST LONGER — 


When | first saw the data 


from our government’s most 


prestigious laboratory charting their tests of TUFOIL, | almost 


fell off my chair. 


| know TUFOIL is a superior product. 
After all, I've been working on the prob- 
lems of dispersing Teflon® or Fluon® in 
oil since the early 1970's and getting 
patents all over the world. But here was 
confirmation from on high! My reaction 
was, "Wow! TUFOIL's slipperior than 
Teflon!" 

Their test data showed a steel on steel 
4-ball surface friction of .029 with re- 
markably low wear. | rushed to my library, 
grabbed a lubricant handbook to see if 
my memory was correct. Sure enough! 
Teflon was listed at .04. 

TUFOIL is not just a little slipperier than 
Teflon. It's a lot slipperier than Teflon. 
There was the handbook data right in 
front of me! 

People ask, "Why don't the auto and oil 
companies recommend TUFOIL?" It's 
simple. The big oil companies' profit 
comes from gasoline, not lubricants. The 
auto companies' comes from car sales. 
Just think. Some of our test cars are 
pushing 200,000 miles. If Detroit recom- 
mended TUFOIL, they might cut their 
sales in half . . . not likely! Some of our 
customers’ cars are well over 200,000 
miles, with their engines purring like 
kittens. 


So it's up to you to decide for yourself, 
just as tens of thousands of our cus- 
tomers already have! 
People like you send us letters raving 
about improved starting, smoother op- 
eration, spectacular acceleration, gas 
savin nd much longer trouble-free 
engine life. 
TUFOIL has been written up in presti- 
gious scientific journals, newspapers 
Such as the Wall Street Journal, Boston 
Globe, New York Times and Christian 
Science Monitor and tested in Universi- 
ties and laboratories all over the world. 
The results are overwhelming! As far as 
we sacan see, TUFOIL а the lowest 
FREE. 


О ТОРОН Gun-Coat — 
mechanisms 


O TUFOIL Lightning Grease — 
instruments 


O TUFOIL Lubit-8 — General purpose, household use | 


lubricant 
FREE brochures . . . 
O 30 Questions/Answers about TUFOIL 
О "Fun with Superconductor: 
too! 
See NASA Tech Briets tor technical details, 
1986, 1987 and 1988. 
©1987 Fluoramics, Inc. 
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7 Products based on TUFOIL technology. Check 
one with each order of 2 bottles or more. Check 2 for each 
| gallon order. Values range from $3.98 to $9.95." 


Super rust inhibited, smooth action 
О TUFOIL Compu-Lube — Low viscosity for teen | 


Easily sheared grease for | 


we're leading that field | 


friction and wear of any known lubricant. 
TUFOIL is making history! 

For the last few years, we've been 
running full page award-winning ads in 
NASA Tech Briefs. in them, we cail 
TUFOIL, “The Transistor of Lubrication.” 
Our competitors are way back in the 
vacuum tube era with products primitive 
by comparison. No other lubricant even 
comes close. 


We're occasionally asked about lubri- 
cants that claim to be one-time engine 
treatments. The answer is simple! There 
is no record in the scientific literature 
that we've seen so far, that a on 
treatment by any lubric: 

life of an engine. So don't believe it! 


TUFOIL means big savings for you, your 
car and your machines! So rush your 
order now and get these marvelous 
benefits. 


€ Increases acceleration 
* Boosts gas mileage 
* Easier starts—hot or cold 
ө Makes engines run better, last longer 
n 
Here's what some of our customers say. 
This customer wrote a beautiful 4-page 
letter raving about gas savings, easy 
starts. He went on... 
“My acceleration was also noticeably 
increased and where my normal en- 
gine running temperature had been 
with the needle halfway between HOT 
and COLD, it is now only one third of 
the way in between.” 
... R. W., Yarmouth Port, Ma. 
This customer got fantastic fuel savings... 
“The use of TUFOIL in my autos has 
been so successful that! purchased a 
gallon of TUFOIL and now use itin my 
3 lawnmowers, garden tiller and 


shredder.” 
‚+ D. М, Seattle, Wa. 


HA rush my TUFOIL order: 


O ONE8 oz. bottle... treat one car for 
$14.25 (plus $3.50 shipping and 
handling). See money back 


guarantee. 


your friends & save $159*1! 
О ONE GALLON... 


О TWO 8 oz. bottles . . . treat two cars 
for $25.00 (plus $4.00 shipping 
1 and handling) SAVE $6.00 


AP On 2700 


How To Use TUFOIL® 

Just add one 8-0z. container of TUFOIL 
to your standard crankcase. (It'll treat 4 to 
5 quarts of engine oil.) If you want to 
super treat your engine, add two bottles! 
You will see the results in less than 1,000 
miles. Once your engine is broken in on 
TUFOIL, add 4 ounces (% bottle) with 
each oil change to keep new perform- 
ance levels. Use TUFOIL repeatedly over 
the life of your engine to help keep it 
purring like new! 


TRY ONE 8 OZ. BOTTLE OF TUFOIL 
FOR 30 DAYS OR 1000 MILES 

If you're not satisfied, simply send us 
proof of purchase with a note and we'll 
refund your money immediately—no 
questions asked. 

Send for TUFOIL today and prove to 
yourself the amazing increase in your 
car's performance. Fill in the coupon 
today. Or call TOLL-FREE any time, 24 
hours a day. 


1-800-922-0075. 
(in New Jersey, call 201-825-8110.) 


F Fluoramics, Inc. 
103 Pleasant Avenue 
Upper Saddle River, N.J. 07458 
My check or money order for S 
Charge my credi 
О Ат! piss 
Card No. 


Exp. Date 


p cm О Visa 


l After you've tested TUFOIL and like it, 


buy a gallon of TUFOIL to share with 


treat 16 cars for 


$125:00 (plus $6.00 shipping and 


handling) 


Zip 


is enclosed. 


testet 
TUFOIL s 


We ship within days! 
"over the single bottle price BIG SAVINGS 


(NJ. residents please add 6% sales tax). Orders to Canada: 
Send check or money order in U.S. currency. Add $10 extra 
shipping charges. 
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Science Newsfront 


By ARTHUR FISHER 


Nova Cygni 1975 is shown before (left) and after (right) ex- 
ploding. Originally, a magnetic white dwarf is connected to 


Stellar mystery solved 


“Most amateur astronomers observing 
in the summer of 1975 remember it 
well,” says Gary Schmidt of the Uni- 
versity of Arizona’s Steward Observa- 
tory. The reason: That August Nova 
Cygni 1975 burst into view, to become 
history’s most famous—and for 13 
years, most mysterious—nova, or “new 
star.” It exploded some 3,000 light- 
years away in the constellation Cyg- 
nus, and was so bright that it could 
be seen even from light-flooded cities 
like Los Angeles. “Brighter than vir- 
tually any nova ever seen,” says 
Schmidt, “in some ways it even rivaled 
the 1987 supernova explosion.” 

(Astronomers distinguish between 
the stellar explosions, called novae and 
supernovae, primarily by the magni- 
tude of the star’s brightening. When 
a previously ordinary star increases 
its luminosity within days by a factor 
of hundreds, thousands, or millions of | 
times, it is called a nova. Such explo- 
sions occur roughly 10 times a year 
in a typical large spiral galaxy, such 
as our own Milky Way. By contrast, a 
supernova is a much rarer and much 
more energetic event; its luminosity 
can flare up as much as 10 billion 
times.) 

Like all novae, Nova Cygni began 
fading soon after its spectacular birth. 
But observers soon detected a bizarre 
and inexplicable behavior pattern: It 


dimmed and brightened with clock- 
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its companion by an accretion stream. The bubble chain 
(right) is the “searchlight” of matter from the white dwarf. 


work regularity, once every three | matter is transported back and forth. 


hours and 20 minutes. About a year 
after the explosion the cycle speeded 
up by about five minutes. Then in 
1977 the nova suddenly began emit- 
ting remarkable pulses of light, 
even as it was progressively growing 
dimmer. 

These phenomena were so chaotic, 
says Peter Stockman of NASA's Space 
Telescope Science Institute in Balti- 
more, Md., that the nova eventually 
*was puzzled over but largely forgotten 
about. No model ever satisfactorily 
explained the observations." 

Today, thanks to new observations 
made by Schmidt, Stockman, and 
Don Lamb of the University of Chi- 
cago's Enrico Fermi Institute, there 
is a model and an explanation. Nova 
Cygni, whose remnant is now offi- 
cially designated V1500 Cygni, is the 
first nova known to be the explosion 
of a highly magnetic white dwarf star 
—an object with the huge mass of a 
star squeezed into a sphere no bigger 
than Earth—revolving with a com- 
panion star. The dwarfs magnetic 
field is 10 million times stronger than 
Earth's, an intensity—rare among as- 
tronomical objects—capable of wrench- 
ing effects on a body’s structure and 
dynamics. 

There are a couple of hundred 
known such binary systems contain- 
ing white dwarf stars, but only 14 of 
the dwarfs are magnetic. As a normal 
binary star system evolves, stellar 


But strange things happen when one 
star is a magnetic white dwarf. As 
the dwarf revolves with the normal 
companion star, the two are joined, 
like the two balls at the ends of a 
dumbbell, with a so-called “accretion 
stream,” a flow of hydrogen-rich mat- 
ter from the normal star to the dwarf 


along one of its magnetic poles. This | 


arrangement appears in the computer 
simulation shown above left. 

When a binary system containing 
a nonmagnetic white dwarf explodes 
into a nova, cool matter from the nor- 
mal companion accumulates on the 
surface of the hot dwarf until rising 
temperatures and pressures trigger a 
spontaneous thermonuclear blast, 
which blows off an immense shell of 
hot glowing gas. On a magnetic white 
dwarf, the ignition probably occurs at 
the magnetic pole that is at the end 
of the accretion stream. 

Instantly, matter shoots off the 
dwarf star along the axis of its strong- 
ly magnetic poles. Astronomers on 
Earth saw this as a bright searchlight 
of radiation, sweeping into view with 
each rotation of the dwarf, every three 
hours and 20 minutes, much like the 
periodic blink of a lighthouse with a 
rotating lamp. The effect is pictured 
in the simulation above right. The 
bubble chain is the “searchlight” of 
matter from the white dwarf, enclosed 
with the companion star (seen as a 
red sphere) in the photosphere enve- 


lope of rapidly expanding hot gases. 

As the photosphere expands, the 
whole system slows down, much as a 
gyrating skater slows when his arms 
are extended. The resulting drag 
slows the spin of the white dwarf, but 
within weeks it speeds up again to 
resynchronize with the faster-moving 
companion star, with a gain of about 
five minutes in the period. Eventually, 
once the photosphere has cooled and 
contracted, astronomers see only reg- 
ular pulses from a dimming nova be- 
cause light from the companion star 
again dominates the system. 

The tip-off to the magnetic nature 
of the nova’s white dwarf came from 
recent observations with Steward Ob- 
servatory's 90-inch telescope on Kitt 
Peak in Arizona. The three astrono- 
mers detected visible light that was 
strongly circularly polarized. This type 
of polarization is produced when elec- 
trons spiral along the lines of an ex- 
tremely powerful magnetic field. Such 
cyclotron radiation is regularly in- 
duced in particle accelerators, but is 
rarely seen in the heavens. But as- 
trophysicists believe that hot gas fall- 
ing into white dwarfs with intense 
magnetic fields can generate similar 
radiation in the optical spectrum. That 
Nova Cygni 1975 emitted such light 
convinced the observers of the pres- 
ence of a magnetic white dwarf. 


Superconductor news 


Researchers at Stanford University 
and at Sandia National Laboratories 
have made independent progress in 
fabricating materials capable of sig- 
nificant current densities. Each of 
the two materials uses one of the new- 
est high-temperature superconducting 
compounds. 

The Stanford team used a special 
laser process called laser-heated ped- 
estal growth to produce supercon- 
ducting fibers of a bismuth-calcium- 
strontium-copper oxide. 

The Sandia group made the first 
thin films from thallium-based super- 
conducting materials (thallium-calci- 
um-barium-copper oxides). The new 
films have zero resistance at 97 de- 
grees Kelvin, and can carry 110,000 
amperes per square centimeter at liq- 
uid nitrogen temperature (77 K). 


Loathesome bloodsuckers? 


Most people react to the very thought 
of leeches the way Humphrey Bogart 
did in The African Queen—with 
loathing. But the medically useful 
properties of the repulsive creatures 
in draining excess blood have been 


Dr. Roy Sawyer of Biopharm Ltd. 
shows off the special breed of leeches 


known and applied for centuries. 

Now a team of biotechnologists has 
established the world’s only leech 
farm—Biopharm Ltd.—in Swansea, 
South Wales, to cultivate a breed of 
Amazonian leech that can help treat 
glaucoma, a buildup of fluid pressure 
in the eyes that is a common cause of 
blindness in adults. In the photo above, 
Dr. Roy Sawyer, managing director of 
Biopharm, holds an assortment of the 
animals captured on an expedition to 
Amazonia. The glaucoma treatment 
uses a leech secretion called Orgelase, 
Welsh for “from the leech.” 

The company now plans to test a 
combination of Orgelase and another 
anticoagulant leech secretion as an al- 
ternative to surgery to eliminate blood 
clots behind the eye. 


Bear brewery 


Residents of Essex, Mont., should be 
on the lookout for happily inebriated 


he collected in the Amazon basin. Their 
secretions can prevent blindness. 


black bears and grizzlies as winter ap- 
proaches, according to a report pub- 
lished in National Wildlife. Experts 
predict that last year’s scene of pre- 
hibernation drunk and disorderly ur- 
sine conduct will probably be repeated 
this year. The reason “loaded for bear” 
has taken on new meaning: In 1985 a 
corn-laden train derailed near Essex, 
leaving 400 tons of the grain beside 
the tracks. A year later, the corn had 
fermented, and the bears discovered 
a major source of white lightnin’. 
The site “smelled like a brewery,” 
said Chris Servheen, a grizzly special- 
ist with the US. Fish and Wildlife 
Service. “Six of us walked right up to 
a black bear that was scooping mouth- 
fuls of corn with his paws. He didn't 
see or hear us.” 
Complaining that tipsy bears were 
a hazard because they ambled in front 
of oncoming trains, railroad men have 
tried mixing nontoxic lime with the 
corn mash, but the bears simply sniffed 
Continued 
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| A Navy parachutist slides down a pole from a C-141 to test 
the crew escape system now chosen for the space shuttle. 


Science Newsfront conna 


out an untainted cache, “revenooer”- 
like. Says Bart O’Gara, leader of Mon- 
tana’s Cooperative Wildlife Research 
Unit, “Bears are awfully hard to stop 
once they're on to something good.” 


A lot of lava 


the Hawaii Institute of Geophysics, 


discovered the 53,000-acre formation | 


800 miles southwest of the Galapagos 
Islands. Its thickness ranges from 150 


to 300 feet, and its total volume, the | 
scientists estimate, is between 2.6 and | 


4.6 cubic miles, an amount that could 


| cover 430,000 miles of four-lane high- 


A team of earth scientists engaged in 
mapping the Pacific Ocean floor with 
a sophisticated sonar system has dis- 
covered a huge lava field that is prob- 
ably the largest remnant of a volcanic 
eruption in recorded history. Sonar im- 
ages of the field together with other 
evidence indicate that it is less than 
a century old. In fact, it may have re- 
sulted from an undersea eruption only 
20 years ago. In 1964, 1965, and 1969 | 
an unusual swarm of earthquakes oc- 
curred on the field's segment of the 
East Pacific Rise. 

Ken C. Macdonald, a professor of 
marine geophysics, Rachel M. Hay- 
mon, a geochemist—both of the Uni- 
versity of California, Santa Barbara— | 


and Alexander Shor, a geophysicist at 


way to a depth of three feet. 


Pole vaulting 


The individual in the photo below is 
neither a Chinese acrobat nor a 
member of the Flying Wallendas. He 
is a Navy parachutist sliding down a 
curved pole jutting from a C-141 plane 
at an altitude of 10,000 feet. The un- 
sung volunteer is testing the option 
that NASA eventually selected from 
the two options for a crew escape sys- 
tem for space shuttle orbiters. (The 
loser was a tractor rocket system that 
was judged less safe.) 

The system will consist of a spring- 
loaded aluminum and steel telescop- 
ing pole about 10 feet long. In use, an 


A radio-controlled ram-air parachute 
glides to ground with a ton of cargo. 


astronaut would attach his parachute 
harness to a ring-shaped lanyard that 
slides smoothly down the pole. Exit- 
ing via the extended pole not only pro- 
vides the needed clearance from the 
orbiter, but helps stabilize the escape 
trajectory. 

The new system will be installed in 
the orbiter Discovery before its next 
scheduled flight, perhaps as early as 
this fall. 


Sky dropper 


The photo above shows another kind 
of parachute recovery system, this 
time with a dead weight instead of a 
live fugitive. Para-Flite succeeded in 
safely landing a radio-controlled ram- 
air parachute with a simulated 2,200- 
pound payload through a gliding de- 
scent and a flared touchdown after it 
had been dropped from 5,000 feet. The 
parachute has a canopy area of 3,000 
square feet and a payload capacity of 
10,000 pounds. 


Space factories? 


An expert committee of the National 
Research Council reviewing the pros- 
pects for space factories to make 
high-quality materials has concluded 
that NASA should "focus on basic 
materials science... and in-space pro- 
cessing technology, rather than on 
manufacturing." us 
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We're looking for men and women who want to start earning an extra $1,000-$2,000 


a month in their spare time. 


HERE'S A WAY YOU CAN 
BE YOUR OWN BOSS AND MAKE 
$55.00/hr. RIGHT FROM THE START... 


If you have an entrepreneurial spirit and want 
to make big money in a very serious business, 
then read on. We're looking for qualified men 
and women who want to earn upwards of 
$55.00 an hour and don't mind getting their 
hands a little dirty. 


START MAKING MONEY IN 30 DAYS 

We'll help you every step of the way and 
show you how to be your own boss in less than 
30 days. Now, don't get us wrong. This is not 
the "lazy man's way to riches." 

It's a proven system that requires some hard 
work and dedication on your part. It also re- 
quires start-up capital of about $2,000, so it's 
not a business for everyone. 

But, if you've got a few hours a week to invest 
in your financial future, chimney sweeping may 
be for you. 


MILLIONS OF DIRTY CHIMNEYS NEED 
TO BE CLEANED 
As you know, chimneys need to be cleaned 
and maintained on a regular basis to prevent the 
dangerous build-up and combustion of 
creosote. Even the smallest accumulation of 
soot can be a threat to your home safety, and 
there are millions of dirty chimneys out there just 
waiting for disaster to occur. 
If you've ever witnessed a chimney fire, 
you've seen the volcano-like eruption with flam- 
ing balls of creosote spewing out the top of a 
chimney with the force of a jet engine. And 
you've heard that unmistakable roar that sounds 
like a locomotive charging into your living room. 
If you haven't seen such a fireworks show 
yourself, ask your local firefighter for a descrip- 
tion. It's a nasty sight, and he'll tell you all about 
the thousands of chimney fires each year caus- 
ing millions of dollars of destruction, thousands 
of injuries, and hundreds of deaths each year. 


Home heating is now the number one cause 
of residential fires, and chimney sweeps are 
urgently needed now. 


YOU CAN DO SOMETHING ABOUT 
THIS NOW 


There's really only one way to prevent these 
disasters from happening, and that’s to clean 
a chimney before it catches fire. This is where 
you enter the picture...as a professional 
chimney sweep with the August West System. 

The Mother Earth News calls it “The Height 
of Technology,” and we must admit there’s 
nothing else like it in the world. But simply 
stated, the August West System provides you 
with what you need to be your own boss in 
a chimney cleaning business of your own. 


enjoy the special rewards of working 
together in their own chimney sweeping 


business. "| don't know of any other 
business with such low overhead, fabulous 
money and great hours— Thank you 
August West!" said Diane. 


Included in the system is a high-powered. high- 
volume dust collection unit which utilizes state-of- 
the-art filter technology. We call this machine the 
SootSweeper*, and it allows you to efficiently 
clean a chimney in record time and guarantee 
cleanliness to your customers. That means no 
worries about white carpets. It also means a dollar 
per hour ratio that just can't be beat 


PART-TIME BUSINESS YIELDS 
FULL-TIME EARNINGS 
Part-time or full-time, it all translates into the 
same thing. DOLLARS IN YOUR POCKETS 
Lots of them made more efficiently than you 
ever thought possible. But it's what you're doing 
that really counts saving peoples lives. 


$55.00 AN HOUR ARITHMETIC 

Once a sweep, instead of thinking in dollars, 
you'll be thinking in chimneys. Now, let's look 
at the arithmetic. 

If you were to put in a full day’s work and 
charge $55.00 per flue to clean a chimney 
WHICH CAN USUALY BE DONE IN UNDER 
AN HOUR, your totals for the day would like 
something like this: 

MOONLIGHTER'S WEEKLY EARNINGS 


3 chimneys * $55/ea. 165 Monday 
3 chimneys х $55/ea. 165 Tuesday 


3 chimneys x $55/ea. 165 Wednesday 
10 chimneys х $55/ea. 550 Sat./Sun. 
Weekly Total: - $1045 
NO STRINGS ATTACHED 


We're not going to tell you how many 
chimneys you should clean or how much you 
should charge. We're not selling you a franchise, 
and we don't take a percentage of your earnings. 

August West does provide you with what you 
need to start making money immediately. That 
includes equipment, training, newsletters, 
workshops, advertising and promotion ideas, 
and even a tophat. MasterCard and VISA 
accepted so you can pay in small monthly 
installments if you wish. 


NOW HEAR IT FROM THE SWEEPS 

We know this all sounds too good to be true, 
so why don't you hear it from the sweeps 
themselves. All you have to do is fill out the 
coupon or call our 800 number, and we'll rush 
you out a recording that we made from 
telephone conversations with sweeps around 
the country. Sweeps like: 

Diane and John Goodman of Montana 
who said: "Earn $1,000 a week, right??? 
RIGHT!!! From day one we saw sweeping 
with the August West System as a fast way 
to reach our goal to build a house in the 
mountains. Our hard work has paid off, 
and the house is now completed." 

We at August West heard that the 
Goodman's house is spectacular and called 
Diane for a picture of it. Well, she said business 
was so good that she'd send it as soon as she 
had a moment to breathe. Not bad for a former 
insurance agent and nurse who traded their 
ties and titles for tophat and tails. 

When Chimney sweep Tom Anderson of 
Irmo, South Carolina isn't out brushing flues, 
chances are you'll find him behind a news desk 
brushing up on the weather forecast he's about 
to deliver on WIS-TV in Columbia, South 
Carolina. *In my first vear as a sweep, I 
earned just five hundred dollars less than 
my yearly radio income...the second year 
saw a 55% increase in income over the first 
year.” Not bad for a part-timer! 


CHIMNEY SWEEPS ARE CLEANING UP 

It really is possible to write your own ticket 
to success and happiness as a chimney sweep 
using the revolutionary August West System. 
It’s a great way of life...spare time or full time. 
And judging from the lifestyles and bank 
accounts we've heard about and seen, chimney 
sweeping really is a great way to make a living. 


FREE INFORMATION KIT TELLS MORE 

So, call or write today to find out more about 
the growing field of chimney sweeping. You'll 
receive an impressive portfolio of information 
that will convince you that it will be the best 
$2,000 investment you'll ever make. 


Г Call TOLL-FREE 1-800-225-4016 | 


Ask for Extension 649 west 
| (in Mass- 617-753-8544) | 48 | 
| or write: 


| 

August West Systems | 
38 Austin St. 

| Box 658, Dept. 4337 | 

| Worcester, МА 01601 | 

| ves, please rush me your FREE information kit. 1 

1 Name | 


| Address 


Copyright © 1988 August West Systems, Inc: 


Electronics Newsfront 


By WILLIAM J. HAWKINS 


Weathertrac uses your PC screen to 
display satellite weather maps. The in- 


PC predictions 


Guess wrong at predicting the weath- 
er, and an amateur has only himself 
to blame. But let a meteorologist do 
it, and he’s got a computer to point 
an incriminating finger at. But now 
with new add-on systems that use a 
home computer, dilettante weather 
watchers can take aim just like the 
professionals. 

“Weathertrac is a fully automated 
system for IBM-compatible PCs,” says 
Fred Bartlett, president of Softworks, 
Inc., software developers for Weath- 


formation is gathered from dish anten- 
nas or FM receivers. 


ertrac. “You can literally watch the 
weather on your computer screen.” 

The Weathertrac electronics is on a 
single board that plugs into one of the 
slots in the PC. Attached via an in- 
cluded interface box to a standard 
satellite-dish receiver or a high-fre- 
quency FM receiver, the board decodes 
signals from both geostationary and 
polar-orbiting satellites. That lets you 
see satellite images from the NOAA 
(National Oceanic and Atmospheric 
Administration); GOES (geostation- 
ary operational environmental satel- 
lites); Tiros-N (television infrared ob- 
servation satellites, 
series N); NOAA Wefax 
(weather facsimile); the 
Soviet Union’s Meteor 
satellites; and dozens 
of high-frequency FM 
FAX maps, images, and 
photographs. 

The pictures you see 
are shown in color with 
a 640-by-700-pixel res- 
olution, using a stan- 
dard EGA display. (A 


Just write: Canon’s prototype calcula- 
tor accepts handwritten problems. 


newer version will use enhanced VGA 
for photographlike quality.) Images 
can be displayed as they’re received; 
or, according to Bartlett, “the software 
can capture images, so you can play 
them back in an animated sequence.” 
Selected parts of the picture can be 
enhanced automatically (20 opera- 
tional curves from the NOAA's Na- 
tional Environmental Satellite, Data, 
and Information Service IR Imagery 
Enhancement Program are provided) 
or you can use Microsoft's PC-PAINT 
program to manually highlight a por- 
tion of the image. 

Bartlett expects Weathertrac to be 
particularly useful to local TV sta- 
tions, small marina and airport serv- 
ices, forest-service and fire-prevention 
agencies, schools, and a variety of gov- 
ernment agencies. The price, from GTI 
Electronics (Box 272, Lehighton, Pa. 
18235), is $1,895. 

You're a weather watcher on a bud- 
get? Then there's another way. For $90 
you can buy Metacomet's Accu-Weath- 
er Forecaster, a program that uses 
up-to-date weather information from 
the U.S. Government Services. The 
data are extracted via modem from an 
on-line data base supplied by Accu- 
Weather, which is used by many news- 
papers and television stations. The 
program is available from Metacomet 
Software, Box 31337, Hartford, Conn. 
06103. 


Keyless calc 


There are no keys on Canon's AI cal- 
culator (photo below). Instead the clev- 
er calc uses artificial intelligence to 
read your writing when you use a spe- 
cial pen to scribe on its electronic pad. 
Enter an equation, and the calcula- 
tor remembers it for future work. 
Write out a calculation, and the an- 
swer is quickly computed. Although 
it works, according to Canon, it's a pro- 
totype and not yet available. 


Quick looks 


* Scientists at AT&T Bell Labora- 
tories have developed experimental 
transistors that are so sensitive just 
one electron can change the amount 
of current flowing through them. 
(Thousands of electrons are needed to 
change the state of a normal high- 
quality transistor.) Made of supercon- 
ducting materials, the transistors 

Continued. 
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SURGEON GENERAL'S WARNING: Cigarette 
Smoke Contains Carbon Monoxide. 


AMERICAS BEST. 


Electronics Newsfront continued 


could have an enormous impact on the 
size and weight of future electronic 
devices. 

* The next possible contender for 
high-speed high-density data storage: 
paper. ICI Electronics has developed 
Digital Paper, a polyester-based sub- 
strate coated with an infrared-sensi- 
tive dye polymer, which can accept 
up to 10 megabits of data per second. 
A 2,400-foot reel of /-іпсћ tape holds 
600 gigabytes (600,000 megabytes) of 
data at one-tenth the cost of mag- 
netic tape. 

* Akai's new VHS hi-fi VCR has a 
built-in Dolby surround-sound decoder. 
Panasonic’s new VCR answers the 
phone—so you can program it after 
you go out. 

* Forget-Me-Not momentarily in- 
terrupts your computer work at pre- 
cisely the right time and date to de- 
liver on-screen reminder messages or 
start other more important jobs. For 
PC-compatible computers, the pro- 
gram follows the instructions you’ve 
entered in a standard text file. From 
Sterling Castle Software, 702 Wash- 
ington St., Marina del Rey, Calif. 
90292; it’s $80. 

General Instruments has begun 


testing its pay-per-view delivery sys- 
tem for satellite-TV-dish owners. 

* Parallel processing computers— 
machines that solve a problem by di- 
viding the calculations among many 
processors—have had troubles. When 
too many processors are used they get 
in each other's way, lowering efficiency. 
But researchers at Sandia National 
Laboratories have reorganized some 
standard engineering problems, so a 
1,024-processor machine runs 1,000 
times faster. That’s nearly perfect ef- 
ficiency, and it might mean that the 
technique could be used in other areas. 

* Free CDs and cassettes: Write to 
the National Music Library, 1994- 
A202 Woodward Ave., Bloomfield 
Hills, Mich. 48013, for details and a 
library card. 

* New voluntary standards for VDT 
(video display terminal) users have 
been written by a committee spon- 
sored by the Human Factors Society 
of America. The standards cover guide- 
lines for the terminal, keyboard, and 
working environment, and they have 
been approved by the American Na- 
tional Standards Institute. For details 
write to the Human Factors Society, 
Box 1369, Santa Monica, Calif. 90406. 


e IBM has added seven new mod- 
els to its Personal System/2 line of 
computers. Faster memory is being 
used, so, for example, the model 50 Z 
has no wait states—the processor need 
not wait for memory circuits to find 
or store data. (The memory chips op- 
erate at 85 billionths of a second.) 
That difference makes the machine up 
to 35 percent faster than its predeces- 
sor, a 30-megabyte diskette. The 50 Z 
is $3,995. A 60-megabyte hard disk 
and up to 16 megabytes of memory 
can be installed. 

* Planar Systems has demonstrated 
a full-color electroluminescent display 
panel. Designed for future portable 
computers, the six-inch-diagonal dis- 
play has a resolution of 320 by 240 
pixels. 

* This fall Broderbund Software 
will have The Electronic Whole Earth 
Catalog on CD ROM. It will give you 
charts, pictures, words, and sound ef- 
fects on just about any earthly sub- 
ject. Need more? Then there's The 
Bible Library CD from Ellis Enter- 
prises. Broderbund Software, 17 Paul 
Dr., San Rafael, Calif. 94903-2101. 
Ellis Enterprises, 3228 S. Blvd., Suite 
343, Edmund, Okla. 73013. йз] 


The beauty of 


Thompson’s’ Wood Protector 
is the way it protects 
the beauty of wood. 


Thompson's" Wood Protector has a 
unique way of keeping your house beau- 
tiful, no matter how ugly the weather. 

In fact, that unique way is really three 


ways. Thompson’ protects against mold proofers to 

опа mildew, water damage, and helps protectagainst 

prevent fading and greying. Whats more, splitting, crack- 

Thompsons crystal clear waterproofing ing Hef rotting. 

protection even gets better with age. 

With just one coat, your wood can have Protective sun- 

alonger life expectancy than you screens to help 

ever expected. prevent fading 
and greying. 
Strong mildicides 
to protect 
against mold апа . 


Powerful water- 


mildew. 


NRI Hands-On Training With an IBM PC Compatible Plus 20 Meg Hard Disk 


GET THE KNOW-HOW 
TO SERVICE EVERY 
COMPUTER ON THIS PAGE 


Learn the Basics the NRI uk — a enu 

Way and Earn Good Sener 
Money Troubleshooting seca eng 
Any Brand of Computer SPA Comper Comportion 
The Department of Labor aaa npe e! 


ranks computer service high 
on its list of top growth fields, 
with accelerated demand 
creating more than 30,000 new 
jobs within the next 10 years. 


You can cash in on this oppor- 
tunity—either as a full-time 
corporate technician or 
an independent service- 
person—once you've 
learned all the basics of 
computers the NRI way. 

NRI's practical combina- 

tion of "reason-why" 

theory and "hands-on" 
building skills starts you 

with the fundamentals 

of electronics, then guides 

you through advanced elec- 
tronic circuitry and on into 
computer electronics. You also 
learn to program in BASIC and 
machine language, the essential 
languages for troubleshooting 
and repair. 


MILI 


—_ _ 
AN 
MORE! | 


It all adds up to confidence- 
building, real-world experience 
that includes training in program- 
ming, circuit design, and peripheral 
maintenance. You'll be learning about, 
working with, servicing, and trouble- 
shooting an entire computer system— 
keyboard, power supply, computer, 
monitor, floppy disk, hard disk—to en- 
sure that you have all the essential skills 
you need to succeed as a professional 
computer service technician. 


No E: Needed, 
NRI Builds It In 


This is the kind of practical, hands-on 
experience that makes you uniquely 
prepared, with the skills and confidence 
you need for success. You learn at your 
own convenience in your own home. No 
classroom pressures, no night school, no 


Total Computer Systems 
Training, Only From NRI 


No computer stands alone. . . it's part of a 

total system. To really service computers, | 
you have to understand computer systems. 
And only NRI includes a powerful com- 
puter system as part of your training, 
centered around the new fully IBM com- 
patible Sanyo 880 Series computer. 


You start with the step-by-step 
assembly of your Sanyo 880 computer. 
You build and test the “intelligent” 
keyboard, install the power supply and 
514" floppy disk drive, and interface the 
high-resolution monitor. But that's not all. 
You go on to install a powerful 20 
megabyte hard disk drive—today's most- 
wanted computer peripheral, now includ- 
edas part of your hands-on training to 
dramatically increase your computer's 
data storage capacity while giving you 
lightning-quick data access. With your 
computer now up and running, you're 
ready to use the valuable software that 
completes your total computer system. 
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need to quit your present job until you're 

ready to make your move. Your training 

is backed up by your personal NRI in- 

structor and the NRI technical staff, 

ready to answer your questions 
and help you when you 
need it. You get it all with 
NRI at-home training. 


Free 100-Page 
Catalog Tells More 


Send the postage-paid 
reply card today for 
NRI's big, 100-page, 
color catalog on NRI's 
electronics training, 
which gives you all 
the facts about 
NRI courses 
in Micro- 
computers, 
Robotics, 
Data Com 
munications, 
TV/Audio/ 
Video Servicing, 
and other growing 
high-tech career fields. 
If the reply card is missing, 
write to the address below. 
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McGraw-Hill Continuing Education Center 


3939 Wisconsin Avenue, NW ш 
Washington, DC 20016 


We'll Give You Tomorrow. 


Automotive Newsfront 
By DAN McCOSH Detroit Editor with David Scott, 


angle between cylinder banks. This 
feature is aimed at simplifying bal- 
ancing problems and reducing the 
frontal area of the racing cars it is 
meant to power. 


Plastic pickups? 


Marketing studies say that in some 
parts of the country, thieves are going 
after unrusted pickup truck beds even 
before they take car radios. Citing 
these studies, domestic truck makers 
are racing to be the first to the mar- 
ket with an all-plastic pickup bed. 

General Motors, Ford, and Chrysler 
are working on separate plastic tech- 
nologies to provide a material strong 
enough to withstand daily abuse and 
inexpensive enough to compete with 
steel, or at least steel and a plastic 
liner. Insiders say the first molded bed 
is likely in two to three years. 

Longer range, both GM and Ford 
are also considering all-plastic bodies 
for the next generation S-10 and 
Ranger pickups. GM and Ford have 
built all-plastic prototype lled the 
Sedona and the PM-38, respectively, 
which insiders say are similar in 
design—sleek trucks with a wrap- 
around rear window. 

The primary benefit of the plastic 
s their resistance to corrosion. 

stic-body construction is not a new 

technology, but the large numbers of 
can be raised by increasing turbo | pickups sold (they are the most popu- 
boost. Alfa Romeo reportedly has de- | lar of any type of vehicle) means that 
veloped the V10 for a proposed rac- | new manufacturing methods will have 
ing class that mimics production cars, | to be devised. 
but is now expected to run it on the Even engineering a high-load 
Formula One circuit, which is made | pickup bed will likel y the ground- 
up of the most powerful cars in open- | work for future composite chassis that 
wheel road racing. Displacing 3.5 li- | take similar stress and strain. One al- 
ters, the engine features a 72-degree Continued 


A 50-valve engine? This Alfa Romeo engine uses four valves per cylinder, 
V10 prototype may be it. The 3. but five-valve heads are being tested. 


Five on a side 


Making the spark-plug people happy, 
Alfa Romeo S.p.A. joins a handful of 
engine manufacturers, including Re- 
nault and Honda, contemplating a 
V10 racing engine. Changes in the 
Formula One engine rules are encour- 
aging a surge in engine design for fu- 
ture racing cars. Other companies 
involved in developing a new genera- 
tion of racing engines without super- 
chargers or turbochargers include 
Lamborghini, Ferrari, Nissan, 
Fuji Heavy Industries (Subaru), 
Toyota, and Ford. The majority @ 
of these new engines are V12s, 
some with power outputs in 
the mid-600-horsepower 
range. 

"It's the end of screwdriver tuning,” 
says Chrysler/Lamborghini's Anthony 
M. Richards in a reference to the in- 
creasing popularity of high-output en- 
gines that don't have turbo power. In 
turbocharged engines the horsepower 


= 
A hatchback version of the Rover 800 introduction this fall as the Sterling 
sedan, introduced recently in Europe, 827 SLi. The car will be powered by a 
is being intensively tested for a U.S. Honda-built 2.7-liter V6 engine. 
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Before you buy any radar detector, 
check its references 


Since our beginning in 1978, we've always 
been committed to high-performance radar 
warning. The results of that commitment are at 
the bottom of this page. 


Our strategy 

Our engineers never stop working on the 
challenge of radar warning. When they invent 
a better way, even if it's only a minor detail, 
we rush that improvement into production. We 
don't wait for next year's model: We make a 
running change in our own factory in Cincinnati 
as soon as possible. 


Performance payoff 
This policy of running changes instead of 
model changes allows us to apply our energy 
where it does the most good: maintaining top- 
rated performance. We never waste our energy 
on new styling and funny features. 
The payoff for you: when you buy Escort 
or Passport, you know you're getting the latest 
science in radar warning. 


Check our references 
After ten years in the radar-warning busi- 
ness, we think our way works best. But don't 
take our word for it. 


Listen to the auto magazine experts. Below 
are their test ratings. And these are overall 
ratings, not just quotes taken out of context. 


We'll send proof 
Just call us toll-free (1-800-543-1608) 
and we'll send you the most recent tests, com- 
plete and unedited. Read for yourself exactly 
what the experts say. 


From us to you 

In addition to continuous improvements, 
we have another unique policy. We sell direct 
to you, not through stores. Because we can 
serve you better if we serve you personally. 

Call us toll-free with any questions. If you 
decide to buy, orders in by 5:00 pm eastern 
time go out the same day. We pay for UPS 
Shipping. And overnight delivery by Federal Ex- 
press is only $10 extra. 


Guaranteed or else 
If you're not completely satisfied within 
30 days, return your purchase. We'll refund all 
your money, including return postage. There 
are no hidden charges. 
For radar warning you can count on, just 
call us toll-free. 


Order Today 
TOLL FREE 1-800-543-1608 


(Mon-Fri 8am-11pm, Sat-Sun 9:30-6 EST) 


PASSPORT $295 (оһо гез. add $16.23 tax) 


RADAR WARNING RECEIVER 
кшш SSS 


ESCORT $245 (oni res. add $13.48 tax) 


Cincinnati Microwave 

b» Department 61688 
One Microwave Plaza 
Cincinnati, Ohio 45249-9502 


AREPUTATION FOR PERFORMANCE 


ESCORT AND PASSPORT ARE CONSISTENTLY RATED HIGHEST IN MAGAZINE TESTS 
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ПЕ THESE TREDLOC RADIALS AREN'T 
THE BEST PERFORMANCE TIRES 


m ЭЩ Б 
YOU’ VE EVER PUT ON YOUR CAR, 


Seas 
; А - We as WE'LL BUY THEM BACK. 


Á. A E Gene J. Stroner 
Vi 


ice President, Sears Automotive. 
It’s a strong promise 

to be sure. Here’s why we 

can make it. 

These are the 


finest performance 
radial tires Sears has 
are the next genera- 
tionin tire innova- 
reputation for tire 
| leadership estab- 
sales of steel- 
belted radials 
! standard of the 
world. 
7 INFINITELY MORE 
FLEXIBLE. 
! The RoadHandler 
employs a unique, 
revolutionary technol- 
a belt woven of one 
| continuous interlocking 


ever offered. They 
tion, backed by a 
|22 lished when our 
3 made them the 
STRONGER THAN 
STEEL AND 
Tredloc’ radial 
7 ogyintire construction: 
band of Du Pont Kevlar 


LE ROAD TEST. 


aramid. This is the same material 
used to make bullet-resistant police 
protective vests. It’s five times 


stronger than steel of the same 
weight. 


Asaresult, 
Tredloc gives you 
extraordinary han- 
| dling and respon- 

siveness without 
compromisin: 

SOU oe omit You'll 
notice it when cornering, accelerat- 
ing, and braking. The unique Tredloc 
belt keeps a full contact patch on the 
road while giving you a smoother 
ride than steel-belted radials. Its. 
flexibility lets the tread grip the con- 
tour ofthe pavement firmly and 
evenly under all weather conditions. 
On wet or dry roads, even іп snow. 


SPEED-CERTIFIED TO 130 M.P.H. 
The 130 miles per hour speed 


rating ofthe Tested at speeds 
Tredloc “Н” series | | 101181 mph. 
tells youa lot УЯ 
about this tire. Speed certification. 


But it doesnt tell you everything. 


"There's also warranty coverage that, 


to our knowledge, isn't matched by 
any other tire in its class. It includes 
а 40,000 mile limited tread wear- 2 
warranty. And 40,000 miles of road 


hazard coverage* Both at no extra ` 
charge. (The Tredloc “Т” series — 


rated at 118 miles per hour — has a 
50,000 mile limited tread wear-out 


warranty and 50,000 miles of road 
hazard coverage.) 


NATIONAL SAFETY COUNCIL 
AWARD. 


Obviously, this is no ordinary 
performance tire. Tredloc is the 
first tire design ever to earn an 
Award for Achievement in Product 
Safety from the National Safety 
Council. Can you believe it? For a 
performance tire. 

No wonder we're so proud of 
this tire. Its combination of award- 
winning design, advanced materials, 
and precise manufacturing stan- 
dards assures you of a performance 
tire that is both extremely respon- 
sive and extremely reliable. It's one 
more way Sears installs confidence. 


FREE 1,000 MILE ROAD TEST 


We are so confident about the 
performance of RoadHandler Tredloc 
radials, we'll make you this offer. 

Puta set on your car and drive them 
Sor up to 1,000 miles. 

If by then you dont agree that they 
are the best overall performance tires youve 
ever had, Sears will buy them back for 
exactly the price you paid. No questions. 


Take us up on this offer. How 
oftenisit that a performance tire 
lets you test its promises on the 
road? 

RoadHandler Tredloc radials. 
Available 


awe SEARS 


*Ask your salesperson for more information on these coverages and size availability. © Sears, Roebuck and Co, 1988 
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GTE’s new electronic key system uses 
surface-wave technology to produce a 
virtually unlimited number of code 


ternative that is also being studied: 
a steel frame with “disposable” plastic 
liners. 


Super key 


The latest attempt to foil car thieves 
relies on surface-wave technology— 
the study of spreading ripples on the 
surface of a solid. The method was ori- 
ginally theorized as a way of studying 
earthquakes. 

The key system, developed by GTE's 
Electronic Components & Materials 
Division, uses a tiny piezoelectric crys- 
tal embedded in a car key. An electri- 
cal impulse that originates in the car's 
computer actuates a small coil in the 
steering column. The signal is picked 
up by a tiny coil in the key, which trig- 


Porsche’s PDK transmission is based 
on a cluster gearbox, with the odd- 
and even-numbered primary gears hav- 
ing hydraulically operated clutches. 
The gears are grouped on separate co- 
axial clusters. The transmission elimi- 
nates the hydraulic losses, slip, and fuel 
penalty of a torque converter. 


combinations. The key is aimed at dis- 
abling a computer-controlled ignition 
system if the correct code is not “read.” 


gers a surface wave on the crystal. The 
surface wave is broken into coded 
pulses by a shaped, coded tuner, and 
the echo is then read by the on-board 
coil as a series of timed signals. The 
code is read, in turn, by the engine 
control computer, which disables the 
ignition if it reads no code or an in- 
correct one. 

The advantage, says GTE, is the 
nearly unlimited number of code com- 
binations available. Current produc- 
tion Corvettes use an implanted re- 
sister to produce a similar “code,” but 
only a few dozen different resisters are 
available. Why the need for so much 
sophistication? Engineers say some 
auto thieves are actually carrying 
spare engine control modules that 
plug in and bypass security systems. 


Two-clutch automatic 


An automatic transmission that 
uses two computer-controlled 
wet-plate clutches instead of the 
conventional torque converter is 
being tested by Porsche AG as 
a more efficient alternative to to- 
day’s automatics. 

Porsche is reportedly running 
road tests of a 944 Turbo 
equipped with the unit. The com- 
pany’s new automatic transmission, 
dubbed PDK, is based on a five-speed 
cluster gearbox that uses individ- 
ual hydraulically operated clutches for 
odd-and even-numbered primary gears, 
which are grouped on separate pri- 
mary clusters. 

Drive from the engine alternates be- 


tween the two clutches during up- and 
downshifts. Appropriate gears are pre- 
engaged by selector forks moved by hy- 
draulic actuators. The transmission 
thus combines the advantages of a me- 
chanical gearbox, with its positive en- 
gagement, and the quick shifts of an 
automatic. 

Computer controls make such 
clutch-operated automatics possible. 
General Motors is reportedly working 
on a new automatic that is likewise 
based on wet clutches rather than a 
torque converter. Meanwhile, the main- 
stream application of electronics today 
is concentrated on adding electronic 
controls to conventional planetary- 
gear transmissions. Chrysler is plan- 
ning to launch a new electronically 
shifted automatic transmission in 
the 1989 model year that makes use 
of sophisticated feedback controls to 
smooth downshifts. 


Screw-type supercharger 


A new supercharger that utilizes twin 
meshing spirals to compress air has 
been developed by Scotland's Fleming 
Thermodynamics Ltd. The Sprintex 
uses two tapered helical rotors that 
are geared together and counterrotate 
without touching each other inside 
a close-fitting figure-eight housing. 
Inducted air is squeezed along the 
tapered rotors to the outlet end, 
where it exits at pressures that are 
as high as 22 psi. Some of the advan- 
tages claimed for the design are low- 
speed torque gains and smaller power 
losses. 


The Scottish Sprintex may be a rival 
to the popular Roots design in super- 
chargers. The compressor uses two 
tapered screwlike rotors, a four-lobe 
male and six-flute female, which mesh 
and counterrotate without touching in- 
side the housing. Boost is virtually con- 
stant from idle to high rpm. 
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Advertisement 


Save Gas, Save Engine with ‘POLY’ 


GUARANTEED LOWEST PRICE (SEE DETAILS BELOW) 


The following introduces one of 
the most fully tested and creden- 
tialed gas saving, friction reduc- 
ing engine treatments ever to reach 
the market! 

WHAT IS POLY? “Poly” is short for 
polytetrafluoroethylene (TFE). It is the 
slipperiest substance known to man 
(1981 Guiness Book of World Re- 
cords, p. 188). The PetroLon Corpo- 
ration, makers of Slick 50, has inven- 
ted a way to permanently bind this 
slippery chemical to your engine with 
one treatment. All you do is add one 
quart of Slick 50 to your oil during oil 
and filter change. By reducing engine 
friction, Slick 50 increases gas mileage 
and horsepower and reduces engine 
operating temperature thus causing 
your oil and engine to last longer. Just 
as important, it reduces metal wear, 
defraying costly overhauls. 

HOW DO ! KNOW THIS ISN'T A 
FRAUD? Slick 50 has some very im- 
pressive credentials. The “Consumers 
Digest” magazine (March/April 1982, 
p. 35) states “Slick 50 does reduce en- 
gine heat and ordinary wear, and our 
informal tests indicate that it will im- 
prove gas mileage by about two or 
three miles pergallon.... Slick50 does 
exactly what Petrolon claims it does.” 
Researchers at a nationally respected 
research laboratory, after applying 
a powerful ultrasonic cleaning pro- 
cess to a Slick 50 treated engine part, 
were surprised at its permanence. They 
stated, "Weactually expected the Petro- 
Lon Slick 50 TFE Resin coating to also 
be removed, but later found it was still 
there." 

The Federal Aviation Adminis- 
tration has fully accepted a similar 
product- Slick 50 Aircraft Treatment 
(F.A.R. *33.49). An FAA test simulating 
1400 hours of engine use showed 
almost zero engine wear! 

TUV, a German testing laboratory 
with credentials every bit as presti- 
gious as our Underwriters Laboratories, 
tested Slick 50 in 1986. They found 
substantial increases in both gas mile- 
age and horsepower. Their tests showed 
that these gains were due to a reduc- 
tion in friction. 

Atest doneat the San Diego State 
University revealed that, "Slick 50 does 
increase horsepower and decreases 
fuel consumption in tests done at the 
university." The Space Shuttle Colum- 
bia uses the chemical "poly" in its 
gears and bearings because it is the 
only chemical lubricant which can 
withstand the heat and corrosive ele- 
ments of space. 

Perhaps the most dramatic of all isa 
torture-test overseen by the Automo- 
tive Services Council for Pennsyl- 
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vaniaand shown оп television station 
WTVE. Three cars with between 75,000 
and 129,000 miles on them were treated 
with Slick 50. Six months later the oil 
was drained from each vehicle and the 
cars were driven without the oil plugs 
for about a half hour. The water tem- 
perature never rose and the engines 
sustained no apparent damage. 

HOW DO YOU TREAT AN EN- 
GINE? Very simply. Just before oil and 
filter change, add engine flush (sent 
free with each order) to clean out your 
engine. Let your engine idle for 5 min- 
utes. Then drain your oil, change filter 
and add the proper amount of oil less 
one quart. Add one quart Slick 50, 
drive for30 minutes, and leave it in the 
crankcase for 3.000 miles. Add two 
quarts for engines with oil capacities 
of seven quarts or more. 

Slick 50 gives a permanent coat- 
ingsoyou need to treat only once, not 
each time you change oil. Slick 50 is 
also excellent for turbocharged engines, 
aluminum block engines and rotary 
engines. 

WILLIT WORK WITH MOST OIL? 
Yes, Slick 50 will work with all petro- 
leum based oils and all synthetics com- 
patable with petroleum based oils. 

WHAT ARE THE BENEFITS OF 
SLICK 50? Your actual benefits in 
percentages may vary, depending on 
the kind of driving you do, vehicle 
condition, etc. By reducing friction, 
Slick 50 does all of the following: it 
increases gas mileage. |t increases 
horsepower -- small economy cars 
and large RV's really need this. It 
makes for easier starting (important 


in cold weather). It reduces ope: 
ing temperatures, thus increasing 
the lubrication and life of your oil and 
your engine. Since lubricating lead is 
being removed from gas and unleaded 
gasis poor in lubricating qualities, the 
extra lubrication of Slick 50 on 
valve stems and guides із very valu- 
able. Last, but not least, the drastic 
reduction in engine wear can delay 
costly overhauls which can in fact 
cost well over $1,000. Slick 50 elimi- 
nates the "lubrication starvation" that 
all cars experience when first started 
before the oil has a chance to circu- 
late. Up to 90% of the wear onacarcan 
be caused by this lubrication starva- 
tion. You receive all of these benefits 
for less than the cost of two tanks 
of gas ($39.95). 

WILL SLICK 50 HARM MY EN- 
GINEOR AFFECT MY WARRANTY? 
No! Slick 50 is suspended in an excel- 
lent grade of petroleum oil which meets 
or exceeds every manufacturers en- 
gine warranty requirements. In addi- 
tion, this oil carries an API (American 
Petroleum Institute) service classifi- 
cation SF-CC-CD. 

DEALERSHIPS ARE AVAILABLE. 

OTHER SLICK 50 PRODUCTS 
available are Gear Treatment (manual 
transmission, etc.), 2-Cycle Engine 
Treatment, Grease, Fuel Conditioner, 
and Fabric Protector. Free information 
is sent upon request. 

EASY TOLL FREE NUMBER. Since 
Slick 50 is “too too Slick" for engine 
friction, our toll free number is 1-800- 
22-SLICK (that is, 1-800-227-5425). 

Free engine flush sent with each 
order. Free shipping with orders 
of 2 or more. 

For purchase or further informa- 
tion call toll free 1-800-22-SLICK, 
(in Colorado, call 1-303-772-4797) 
orsendto: FORT MORGAN SLICK 
50, 407 Del Rio Road, Berthoud, 
Colorado 80513. 

GUARANTEED LOWEST PRICE ! 
If at time of purchase you have seen 
Slick 50 advertised in a current maga- 
zine at a lower price, we will beat that 
price by $2.00 per quart. 


О t enclose #39.95+84.00 shipping & hand. 
O I want 2 or more (free shipping & hand.) 


O Check О cop. О Visa/MC 
Card * Bin: 
Name __ eee 
Address — - 

(Give street address for UPS delivery) 
un — SÉ. 
State Zip. 


A new group of luxury cars uses sophisticated suspensions and high-output engines to com- 
bine performance and comfort. POPULAR SCIENCE tests four of the best and finds that you 
don’t have to give up speed and sure-footed handling for high style. 


By DAN McCOSH 
Detroit Editor 


s your bankroll gets bigger so 
Ac your waistline. That's been 

the basic premise behind luxury- 
car engineering that dictates comfort 
at the expense of almost everything 
else. 

All too often a plush ride on the 
freeway is accompanied by so much 
cornering roll and braking dive that 
a bit of winding road can mean a 
brush with motion sickness. 

But the latest generation of luxury 
cars spends considerable engineering 


PHOTOS BY GREG SHARKO 


effort on performance and handling 
that don’t compromise comfort. The 
latest electronic systems optimize han- 
dling characteristics under various 
road speeds and cornering loads. Other 
designs attempt to get the same re- 
sult with complex mechanical design. 
Each of the four cars tested takes dif- 
ferent routes to achieve the same end. 

The latest entry in the luxury/sports 
arena is the new Lincoln Continen- 
tal, which takes the microchip ap- 
proach, relying heavily on electronics 
to coax a high level of performance 
out of a chassis engineered primarily 
for comfort. 


In contrast, the German-built Mer- 
kur Scorpio, a limited-volume spe- 
cialty sedan, brings a distinctly 
European feel to the Lincoln-Mercury 
stable, mainly by using suspension 
components and tuning oriented to 
high-speed handling. 

General Motors' best effort at a 
luxury/touring package was repre- 
sented by the Cadillac Seville, which 
features a new 4.5-liter all-aluminum 
V8 and a special touring suspension 
that tightens up spring rates and 
shock valving. It's a compromise ap- 
proach, using tuning tweaks to get the 
most out of the base suspension. 

More solidly in the European cor- 
ner is the big and boxy Volvo 760 
Turbo, looking more at home in the 
parking lot of the local grocery store 
than at the track. But with a turbo- 
charged 2.3-liter engine stuffed under 
the hood and a new multi-link rear 
axle, this car offers quite a few per- 
formance surprises. 

In fact our fifth wheel churned out 
numbers for all the cars that destroyed 
a lot of preconceptions about luxury 
cars. Despite the plush leather seats, 
we generally clocked times in all cat- 
egories that would be respectable for 
a flat-out sports sedan. 


Track performance 


Typical was the Continental, which 
is the kind of car in which you feel 
you ought to be viewing the back of a 
chauffeur's cap through a wisp of cigar 
smoke rather than putting it through 
high-speed lane changes. 

My first surprise came with the ease 
with which the Lincoln's 109-inch 
wheelbase snapped through the high- 
speed cones at 68 mph. The car turned 
in quickly with slight understeer, and 
the wheels stayed solidly planted— 
this in addition to its soft ride on the 
highway and around town. 

The Lincoln's split personality is the 
result of four interacting computer 
systems that are constantly adjusting 
the shock valving and power-steering 
boost. The system combines informa- 

Continued 


The Volvo 760 and Scorpio (1 and 2) 
exhibit substantial wheel travel in the 
braking test. The Continental's dip (3) 
is extreme, however, and almost un- 
loads the rear wheels entirely. The Se- 
ville (left) lifts its right rear wheel ina 
low-speed maneuver. 


28 | POPULAR SCIENCE 


Platinum technology in automobiles 
has finally been put to a good use, helping 
the consumer’s pocketbook. A device 
called “Platinum GaSaver,” patented by 
National Fuelsaver Corp., increases the ef- 
ficiency of your combustion so effectively 
that your mileage is guaranteed to increase 
22% in gasoline engines. 

Unlike its cousin the catalytic con- 
verter, Platinum GaSaver increases per- 
formance. As stated on the package itself, 
“The Injector itself takes only minutes to 
install, while the platinum entering the 
engine increases the percentage of each 
gallon burning in the engine from the nor- 
mal 68 percent to 90 percent. 

“Normally, that 22% would only burn 
when it came in contact with the platinum- 
coated surfaces of the catalytic 
converter.But with the GaSaver introduc- 
ing the platinum into the engine, platinum 
catalysis can now burn that fuel in the 
engine where the release of that heat and 
energy is harnessed to drive that vehicle. 

“With 22 percent more of each gallon 
burning in the engine, 22 percent fewer 
gallons are required.” 

Although this product is fairly new to 
the public, industry has been using this 
knowledge for years. Many large oil com- 
panies use the same technology to increase 
their refinery profits by millions per year. 

Now that the consumer is aware that 
large companies profit from this catalytic 
processi it is time the consumer profit as 
well, 

Believing in the public interest, Joel 
Robinson of National Fuelsaver Corp. 
developed this simple device. After years 
of research and development, along with 
overcoming extreme obstacles, National 
Fuelsaver Corp. now offers their product 
nationwide. 

Platinum GaSaver is not only cost ef- 
fective, but conforms to all Federal and 
State pollution standards. Enclosed with 
each device is helpful printed material in- 
cluding confirmation by the federal gov- 
emment that the product meets and exceeds 
mileage claims made. A copy of the test 
results accompany each unit. 

Acting as a brochure, we have included 
several displays in this article for your 
review. 

After reading all of the information 
offered to you, call the number below so 
youtoocan save with platinum technology. 
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Platinum Technology Guarantees 
Mileage Increase By 22% 
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HOW THE PLATINUM GASAVER SYSTEM WORKS 


Dealerships Welcome 


With the success of Platinum GaSaver 
sweeping the nation, wholesale dealers are 
needed at all levels in most areas. 

“One outof ten inquiries we receive are 
interested in being involved with market- 
ing the GaSaver. This could be an opportu- 
nity of a lifetime,” responded Ronald A. 
Davidoff, responsible for one of the largest 
marketing areas in America. “If anyone is 
willing to put forth an honest effort, they 
can’t help but be successful.” 

Being respectful of the product's integ- 
rity, only honest and sincere individuals 
will be allowed to market this product. 

Needless to say, many “fly by night” 
outfits have come and gone. Only products 
that are legitimate will be accepted by the 
public. 

If you agree with the above ideals, and 
are willing to put forth the effort, your call 
would be most welcome. Please call 
extension 25. 


800-327-9078 


We are the only authorized National Distributor for 
National Isaver Corp., Clinton, Mass. 


ORDER BY MAIL 


What the GaSaver 
Guarantees 


The GaSaver guarantees uncondition- 
ally a mileage increase by 22%. With the 
cost of vehicle maintenance and petroleum 
products continually rising, it's about time 
this stranglehold comes to an end. 

But the good news doesn't stop there. 
Performance increases dramatically be- 
cause our process increases octane 4 points. 

Probably the most valuable asset of- 
fered is the extending of your engine life by 
removing carbon deposits. 

America, How can you afford not to use 
Platinum GaSaver? All of the above attrib- 


GUARANTEE 


If within 6 months of purchasing 
the retail product you are not 100% 
satisfied, simply return the unit 


Send me one GaSaver 


Cr Road 
Matena! Pn AZ об Thomas [] Send me GaSavers (2 or more). 
M-Sat. ORDER BY PHONE 6am-7pm Contact me about wholesale ordering 
800-327-9078 -Cad Na DS OW COD “Exp. Dale 


In Arizona: 274-6995 
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Engineered and 
manufactured to fit 

virtually every domes- 

tic or import auto and light 
truck. Feature cut-edge 
construction and high-cord 
location for smooth running, 
high performance. They 
meet the industry's highest 
standards for strength and 
heat/oil resistance. 


Available 
At Great 
Everyday P nlt uhr 


Low Prices атр 


You work hard 

...and play hard! 

That's why you need 

the Gentry™ Truck Cap from Leer! It's 
built to suit your lifestyle. With a tough 
aluminum exterior; Leer's famous 
"Super-Cage" for maximum support; 
corrosion-resistant tip-out windows with 
safety glass and removable screens; 
and a smooth automotive finish. 
Come on! Toughen up. With 

the hard-livin' Gentry™ To find your nearest dealer, call, toll-free 


from Leer! 1-800-321-LEER 


* Restrictions apply ©1988 Leer Inc. 
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Upward mobility Continued 


tion about braking force, steering- 
wheel angle, road surface, and car 
speed to nearly instantaneously switch 
from soft to firm shocks, or to a lower 
power-steering output at speed to im- 
prove road feel. 

The Continental has a quick, posi- 
tive, surprisingly agile feel for a large 
car. When it was pressed hard, the 
computer firmed up the rear suspen- 
sion. The variable-boost power steer- 
ing unit subtracted power evenly, and 
was much smoother than similar sys- 
tems I’ve driven on Japanese cars, 
notably Hondas that use a harsh two- 
stage “on” or “off” arrangement. 

But the Lincoln was easy to beat in 
the low-speed slalom, where its 32- 
mph run was near the bottom of the 
group. On undulating surfaces it also 
had a tendency to pitch fore and aft, 
with a soft up and down motion that’s 
disturbing to the rear-seat passengers. 

The Lincoln uses an air suspension 
system that supports the front and 
rear on pneumatic bladders rather 
than coil springs. The car senses ride 
height at the curb and automatically 
levels by adjusting air pressure. It’s a 
neat feature, which circumvents a 
major drawback of most front-drive 
cars: the difficulty of setting a reason- 
able spring rate for the lightly loaded 
rear axle, which often ends up either 
too stiff when unloaded, or unable to 
carry a full back-seat load comfortably. 

Yet riding on air is not the same as 
floating on air. The air bags have most. 
of the same ride characteristics as 
metal springs; and the suspension 
links transmit an equivalent amount 
of wheel thump to the body. 


European contrast 


Tronically, another Ford product, al- 
beit one made in West Germany, of- 
fers one of the biggest contrasts to the 
Continental. The Merkur Scorpio is 
slightly less stately than its Ameri- 
can cousin, with room for five passen- 
gers instead of six, and weighing in 
387 pounds below the Continental's 
3,628 pounds. The Scorpio is a rear- 
wheel-drive car and offers a conve- 
nient liftback—an unexpected feature 
for a luxury car. 

The Scorpio's basic theme is more 
like a day at the races than a night 
at the opera. The steering feels quick- 
er, and in fact it virtually tied with 
the Volvo 760 at just over 70 mph on 
runs through the high-speed handling 
course; and with the Continental and 
760, was in and out of the low-speed 
cones at just over 31 mph. 

The Scorpio felt more responsive 
than the times indicate. The rear drive 
and semi-trailing-arm rear suspension 
combined to give the car a tendency 

Continued 
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TEST RESULTS 
Acceleration (sec.) 
0-30 mph 3.0 3.6 3.6 27 
0—60 mph 9.9 117 11.0 8.5 
Brake test 60—0 mph 
Stopping distance (ft.) 152 152 138 149 
Pedal pressure, cold (Ibs.) 
(0.5-G stop) 12 15 12 14 
Pedal pressure, hot (Ibs.) 

(0.5-G stop) 9 12 16 15 
Handling test (mph) 68.5 67.9 70.1 70.7 
Maneuverability test (mph) 33.3 31.6 31.4 31.3 
Interior noise (dBA) 

At idle. 45 45 52 44 
At 60 mph 65 64 66 68 
EPA FUEL MILEAGE (mpg) 
Highway 24 23 23 22 
City 17 17 17 19 
Dimensions and specs 
DIMENSIONS (in.) 
Wheelbase 108.0 109.0 108.7 109.1 
Overall length. 190.8 205.1 186.4 188.4 
Overall width. 70,9 55.6 69.5 69.3 
Overall height. 53.7 72. 54.6 55.5 
‘SPECIFICATIONS. 
Engine type vB ув ve In-line turbo- 
4 
Displacement (cu. in, liters) .... 273/4.5 232/3.8 176/2.9 1412.3 
Compression ratio о... 9:1 9:1 9:1 B71 
Induction ун dus EFI EFI ЕР! EFI 
Net horsepower & rpm 155 @ 4,000 140 w 3,800 144 @ 5,500 160 @ 5,300 
Net torque (Ib.-ft.) © 240 @ 2,800 215 в 2,200 162 e 3,000 187 @ 2,900 
Transmission с... 4-speed automatic. automatic | 4-speed: 4-speed automatic 
Final drive ratio 2.97:1 3.191 3.64:1 3.73:1 
Steering Power assist Power assist Power assist Power assist 
rack and pinion rack and pinion rack and pinion rack and pinion 
Turn diameter (ft.) a 41.9 38.0 36.1 .0 
Front suspension .......... MacPherson strut, | Air springs with. MacPherson strut, 
coil springs with coil springs, coil springs, 
stabilizer bar nitrogen struts, stabilizer bar stabilizer bar 
and stabilizer bar 
Rear suspension trans- | Same as above Independent coil | Multi-link 
verse fiberglass with automatic ‘springs, stabilizer | independent 
dual damping ride | bar 
Brakes .. 4-wheel disc 4-wheel disc with | 4-wheel disc with | 4-wheel disc with 
s ABS IS 
Curb weight (Ibs.) i 3,478 3,628 3,241 3,322 
F/R weight distribution (%) 65/35 60/40 52/48 53/47 
Fuel tank (gal.) ~... T 18.8 18.6 16.9 15.8 
Trunk volume (cu, ft.) 14,1 19.0 19.8 16.8 
Base price reer $27,627 $27,944. $24,048 $31,985 
Price as tested. M $30,682! $30,857? $27,063° $31,985 


Major options (over $100): ' ABS $925, sound system $905, leather seats $410, touring suspension $270, rear-window 
$170; * power glass moon roof $1319, CD player $617, JBL sound system $525, memory seat $301, heated 
| windshield $253; touring package $2,465, auto overdrive transmission $550 


Parts and service 
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PS serviceability ratings 


“Now NRI gives you the OTC Monitor 
2000 Electronic Diagnostic Tester to 
perform 54 different diagnostic tests 
on today’s computer-age automotive 
systems.” 


“Гуе seen it coming a long time and now 
it's here. Almost all American cars built in 
the 80's have on-board computer systems 
that control everything from fuel-injection to 
transmission action. NRI is smart to recognize 
that having the know-how to service these 
computerized cars spells unlimited opportu- 
nity for you.” 

"It's Super! Linked directly to your car's 
on-board computer, this ingenious little 
hand-held tester is mighty big on perfor- 
mance. It lets you perform essential diagnos- 
tic tests — fast and sure right from the driver's 
seat. It's like having a pit crew right there 
with you.” 


Send for Free Catalog 


Well over a million and a half students 
have benefited from NRI's 73 years of 
experience. Give yourself the same head 
start. Send for the free catalog showing all 
thecareer opportunities for the trained auto 
technician, describing each lesson in detail 
and giving specs on each of the instruments 
included in your training. Get ahead of the 
pack by learning to service 
computer-age cars now! 


ГАМУ... = 


I McGraw-Hill Continuing Education Center 
I 3939 Wisconsin Avenue, Washington, DC 20016 


I We'll give you tomorrow. 
[| [WCheck for one free catalog only. 
L'Automotive Servicing [ Locksmithing 


|| Air Conditioning О Bookkeeping 
[| Small Engine Repair — (Electronics 
i Name (Please print) Age 
I Address 


| City/State/Zip 
L m m m m m m in 


AUGUST 1988 | 31 


Upward mobility continued 


to oversteer with a lifted throttle. Ger- 
man drivers find this quality accept- 
able, and it makes for lively driving. 

Without the adaptive electronics, 
the Scorpio showed what can be done 
with a purely mechanical approach. 
The rear suspension, mounted on an 
isolated subframe, provided a firm but 
comfortable ride. The variable-ratio 
power steering felt precise; it was the 
best of the group. 

The power plants of the Scorpio 
and Continental likewise are similar, 
but differ in basic design. The Conti- 
nental’s 3.8-liter V6 is a transverse- 
ly mounted, 90-degree cast-iron en- 
gine with electronic multi-port fuel 
injection, producing 140 horsepower 
at 3,800 rpm and 215 pound-feet of 
torque at 2,200 rpm. 

The Scorpio’s 2.9-liter multi-port 
fuel-injection-equipped V6 likewise is 
cast iron, but twists up to 5,500 rpm 
to produce 144 hp, with a lower torque 
rating of 162 lb.-ft. at 3,000 rpm. 

Neither engine is in the same cate- 
gory with Cadillac’s new 4.5-liter 
aluminum V8, which looks as if it 
were shoehorned into the engine com- 
partment with little room to spare. 
Cadillac bored out its 4.1-liter V8, re- 
designing the manifolding and adding 
a low-restriction catalyst to get 155 
hp at 4,000 rpm, along with 240 lb.-ft. 
of torque—almost 20 percent better 
than its predecessor. 

The Cadillac did a 0-to-60-mph ac- 


ACCELERATION 0—60 (sec.) 


“VOLVO 760 TURBO 
uen | 


celeration run in 9.9 seconds, beating 
both the Scorpio's 11 seconds and the 
Continental more sedate 11.7 sec- 
onds. But the Seville's hefty displace- 
ment was soundly trounced by the 
760's 2.3-liter four-cylinder dynamo, 
which clipped off an 8.5-second accel- 
eration run. 

The reason for the brisk sprint is 
Volvo's intercooled turbocharger, which 
pumps the engine up to 160 hp at 
5,300 rpm, with 187 lb.-ft. of torque 
at 2,900 rpm—a torque peak in the 
ballpark of the Cadillac's, which de- 
velops maximum twist at 2,800 rpm. 

The turbo-four actually outperforms 
Volvo's own V6, standard with the 760 
model, by 15 hp and 14 lb.-ft. of torque. 
The result is a highly effective turbo 
system, at least as responsive as the 
larger-displacement V6, but develop- 
ing its torque earlier and able to rev 
higher. Even after reviewing the spec- 
ifications, I was startled at the mar- 
gin the Volvo held over the higher- 
torque Cadillac—some of which is 
likely due to the extra 150 pounds the 
Cadillac carries. Some credit must go 
to the weight transfer of the rear-drive 
Volvo, however. 

The Seville's demeanor through the 
pylons was another surprise. Despite 
its last-place showing in the low-speed 
run, we found it the easiest of the 
group to snake through the maze, with 
quick turn-ins and not a hint of the 
tail-wagging we've come to expect from 
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MAI ERABILITY (mph) 
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front-drive cars. The Seville's conduct 
was improved by the stiffened tour- 
ing package of the car we tested; and 
further credit is due to the indepen- 
dent rear axle, which seems to do its 
job without adding any quirks of its 
own. 


Handling the Volvo 


The Volvo was the quickest of the 
group through the high-speed lane 
change, and in a virtual three-way tie 
for second behind the extremely agile 
Seville in the low-speed run. One of 
the 760's strengths is a new four-link 
rear suspension design. Similar to 
the suspension on the Mercedes 300 
series sedans, the links precisely con- 
trol camber change and toe-in to main- 
tain firm road contact. 

The Volvo's performance in acceler- 
ation and handling was nearly 
matched by its brakes; although in 
this category, the Scorpio, aided by 
anti-lock, clipped off a 138-foot stop 
with no hint of instability. This stop- 
ping power matches the highest-per- 
formance sports cars we have tested. 

Regardless, it shows what modern 
anti-lock-braking systems are capable 
of when matched to proper weight dis- 
tribution and good tires. The Conti- 
nental and Seville, with the heavy 
front weight bias inherent in front- 
drive cars, both did well, but in slight- 
ly longer 152-foot stopping distances. 

If you've been keeping score up to 
now, you've noticed that the Volvo is 
ahead in acceleration and high-speed 
cornering, and second in the brake de- 
partment. Add in the EPA-rated fuel- 
economy figures, which are similar for 
all cars in this group, plus the front- 
and back-seat comfort that results 
from the rather high, boxy styling, 
and the scorecard is full. On the other 
hand, because these cars are supposed 
to fill a few emotional needs as well, 
a few other comments are in order. 

The testers were all left in awe of 
the comfort of the Scorpio's reclining 
rear seats. The Continental achieved 
its level of comfort through roominess, 
making some compromises on interior 
detailing and ride and handling. It 
was also a bit limited in power, al- 
though overall the cavernous interior 
is going to appeal to those people look- 
ing for a full-size sedan, luxury or not. 
The Seville's strongest point is its 
smooth V8. The crowded rear seat, 
however, left it a bit shy on comfort. 

The real choice ends up biased part- 
ly by roominess—with the 760 and 
Continental on the big end. Regard- 
less, although our numbers favored the 
Volvo, my first choice is the Scorpio 
as the best in the lot, partly because 
it feels richer and has a supple feel 
and precise handling. us 


Ka Band is the new 

police radar frequency 
now in use. And only the new 
BEL radar detectors are able 
to detect Ka Band. 


Facts You Should Know 

The Federal Communications Commission 
has approved Ka Band for police radar use. 
And now, many localities in the U.S. and 
Canada are using Ka Band Photo Radar. But 
the use of Ka Band isn’t limited to picture- 
taking radar equipment. Standard police 
radar units can also utilize Ka Band. And as 
more states quietly introduce Ka Band radar, 
drivers with only X and K Band radar 
detectors are left defenseless. Unless they're 
driving with the new VECTOR 3. 
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VECTOR 3 comes with everything you see here. 


No Quick Fix 

Ka Band radar has made X and K Band 
radar detectors obsolete because existing 
X/K Band radar detectors cannot be adapted 
to receive Ka Band signals. While the use of 
Ka Band has changed police radar, new 
technology from BEL-TRONICS has revolu- 
tionized radar detection. 


Do n't Be Left Defenscess, 


VECTOR S 
——* 


VECTOR 3 measures only 4.66"L x 3.19" W x 1095"H. 


Greater Detection Range 

VECTOR 3 detects X, K, and Ka Band 
radar. And that's significant. But there's 
more, it’s called Image Rejection Tech- 
nology (IRT”). BEL engineers have incorpo- 
rated this technology into VECTOR 3. The 
result is incredible performance and greater 
detection range of all police radar. 


VECTOR 3 Knows 


VECTOR 3 is a “smart” travel compan- 
ion. It warns you when X, K, or Ka Band 
radar is present with separate audible and 
visual alerts. It also provides a special audio 
alert when the radar signal transmitted is 
Pulsed or Instant On. And for added protec- 
tion, VECTOR 3 is programmed to advise 


VECTOR 3 Remote 
The advanced technology and perfor- 
mance advantage of the VECTOR 3 is also 
available in a remote design for only 
$299.95. VECTOR 3 Remote utilizes a 


compact antenna for easy ‘“‘under-the-hood’ 
installation. And a very small control panel 


for discreet positioning in any vehicle. 
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you should its radar detection circuits ever 
require adjustment. With VECTOR 3, you'll 
never question whether radar is present. 


At Your Service 
VECTOR 3 was designed to make early 

detection of police radar easy and conve- 
nient. You can own the new VECTOR 3 
today for only $279.95. Just call toll-free to 
order. UPS delivery is FREE. Or ask about 
our Federal Express overnight service. If not 
completely satisfied, simply return the unit 
within 30 days for a full refund (factory 
direct only). VECTOR 3 comes with a full 1 
year warranty on parts and service 


1-800-341-1401 U.S.A. 
«е 1-800-845-4525 N.Y. only 
1-800-268-3994 Canada 
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Compact control panel 
is only 3.5°L x 25"W x .67"H. 
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SURGEON GENERAL'S WARNING: Smoking 
By Pregnant Women May Result in Fetal 
Injury, Premature Birth, And Low Birth Weight. 
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What’s News 


ular 
Science 


This month's issue contains a collec- 
tion of articles about new and differ- 
ent ways people are now and will be 
building houses. Many of them affect 
the way a house uses energy. 

Through the 1970s, as longtime 
readers know, this magazine covered 
the alternate-energy scene vigorously. 
And readers told us they were fasci- 
nated by pieces that talked about new 
sources of energy—windmills and 
solar and geothermal devices, for ex- 
ample—and that they also liked pieces 
about how to save energy at home. 

The special section, which deals 
with many of these issues, was super- 
vised by Elaine Gilmore. It was just 
closing when she sent me a note: 

"Two strangely complementary ar- 
ticles have landed in my in box. First 
came the good news. In a piece pub- 
lished in Scientific American called 
‘Energy-Efficient Buildings’ [more 
fully discussed in July’s “Energy Q & 
А”), the authors, Arthur H. Rosenfeld 
and David Hafemiester, physicists at 
the University of California at Berke- 
ley and California Polytechnic State 
University respectively, write: ‘If 
Americans today were to use as much 
energy per unit of gross national prod- 
uct as they did in 1973, they would 
need 35 percent more fuel than is ac- 
tually being consumed... In monetary 
terms, conservation is saving this 
country $150 billion per year—this 
nears the size of the federal bud- 
get deficit or the US. trade deficit’ 

“Soon came another angle on the 
story. In a booklet called ‘Building on 
Success: The Age of Energy Efficien- 
cy,’ published by the Worldwatch In- 
stitute in Washington, D.C., authors 
Christopher Flavin and Alan B. Durn- 
ing make a similar point, then go on 
to show how much further we can 
—and must—travel along the conser- 
vation trail: 

“ ‘Tf American industries, buildings, 
and transportation were as energy 
efficient as Japan's, the United States 
could trim $200 billion from its an- 
nual fuel bill,’ they maintain. They go 
on to drive home the importance of 
that: ‘Nations that want to compete 
effectively in international markets 
have no choice but to raise their en- 


ergy efficiency to at least the Japan- 
ese level. Improved energy efficiency 
is also an environmental necessity. 
Efficiency can help reduce oil imports, 
limit urban air pollution, control acid 
rain, and head off global warming 
from the buildup of atmospheric car- 
bon dioxide.” 

Frigid notes 

In June 1987 we published “Frozen 
Tools,” about the technique of giving 
materials new and surprising proper- 
ties—making metals harder, for ex- 
ample, by subjecting them to extreme- 
ly low temperatures. The work, though 
controversial, was fascinating, and was 
done by a company called Applied 
Cryogenics in Newton Upper Falls, 
Mass. We recently received a letter 
from Jeffrey Levine, a physicist and 
president of the company: 

“We recently concluded a 22-year 
experiment, with surprising results. 
Years ago we treated a set of piano 
strings for a neighbor of Bruce Nor- 
ian’s [a company vice president], who 
was in the process of restoring an an- 
tique piano. The instrument is played 
daily... I must admit that in the in- 
tervening years I had forgotten about 
the treated strings until Bruce related 
the following: 

“The owners of the piano called in 
a piano tuner to do his thing. After a 
few minutes into the job, the piano 
tuner announced that his services 
were not required. The piano was in 
tune. Normally a piano that is used 
daily will require tuning at six-month 
intervals. Apparently we've extended 
the life of the tune by at least a fac- 
tor of five! 

“We've brought this astonishing rev- 
elation to the attention of a local piano 
manufacturer, the Falcone Piano Co. 
in Haverhill, Mass. They are about to 
start their own tests. Our goal is to 
offer pianos that don't need tuning. 
We plan to market the strings under 
the brand name 'Oppornockety' Our 
motto will be ‘Oppornockety only tunes 
once?” 

As related in the article, there 
seem to be crystalline changes in met- 
als taken to very low temperatures 


then returned to room temperature 
over a period of many hours. But just 
why the odd results happen is still 
mysterious. Stay tuned. 


“Star Wars” slowdown 


The December 1987 issue of this mag- 
azine contained an article on the free- 
electron laser, best candidate at the 
moment for a beam weapon that could 
shoot down incoming enemy missiles. 
The piece reported that a giant device 
would be built in the New Mexico des- 
ert, and might attempt to shoot down 
target drones by 1991. 

It is not to be. At least not on sched- 
ule. At the moment the project is two 
years and $300 million behind sched- 
ule. Officials say it may soon fall a 
half-dozen years behind, and possibly 
more, if the next occupant of the White 
House is not a backer of the Strategic 
Defense Initiative launched by the 
Reagan administration. 

Whether the giant device will ever 
work as planned—critics say it won't, 
proponents say it will—it is certainly 
an ambitious scheme. A giant free- 
electron laser three or four miles long 
would shoot beams of light skyward, 
where orbiting mirrors would reflect 
and focus them on enemy missiles to 
burn through the missiles’ skins and 
destroy them. The original plan envi- 
sioned 500 scientists and technicians 
working to develop the $4 billion de- 
vice. It would require, among other 
things, 450 million gallons of cooling 
water a year—hard to come by in the 
desert—and the development of a de- 
formable mirror with 2,000 movable 
parts to focus the beam. 

Now planners say the first phase 
of the project, costing one or two bil- 
lion dollars, will not be finished 
until about 1994. If tests at that point 
are successful, a second phase that 
would bring costs up to $4 billion 
could begin. 


Üvé 


Editor-in-Chief 
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ICAS: Can it stop. 
midair collisions? 


Air traffic is growing, and so is the number of reported near misses. Engineers have devel- 
oped an electronic system that spots nearby aircraft, warns pilots of possible midair colli- 
sions, and tells the pilots what to do to escape fast-approaching disaster. The collision-avoidance 
system will be installed in all US. airliners during the next few years. 


By STEVEN ASHLEY 
Lead photo by the author 


I was a kid: Two drivers run their cars at each 
other. The first to blink and move out of the way 
loses. If neither moves, both lose. 

Today's game is different. Twelve thousand feet above 
Atlantic City’s gambling casinos, we’re running two gov- 
ernment-owned test planes—a Boeing 727 airliner and a 
vintage Convair 580 turboprop—at each other. Closing 
speed: 650 mph. I’m perched in the airliner’s jump seat 
wondering whether all the gambling around this place is 
really happening down there on the ground. 

“He should be directly ahead now,” says John Ryan, the 
pilot. We scan the cloudless sky but see nothing. Then the 
pilot turns to me smiling. “Unless somebody misreads his 
altimeter,” Ryan says, “he'll pass several hundred feet above 
us.” 

I alternately search the empty blue horizon and gaze 
into the Cyclopean eye of a CRT screen on the 727’s cen- 
ter console. A small white diamond glows on the clocklike 
display. That diamond, the crew tells me, is the Convair. 
It’s five miles away and closing almost head-on. The dis- 
play is part of TCAS, short for Traffic Alert and Collision 
Avoidance System. I'm hoping that TCAS doesn't blink first. 

“Traffic. Traffic,” a deadpan synthesized voice suddenly 
calls out. I still see nothing save sky. Ryan speaks over 
his shoulder in my direction: “See, the intruder’s symbol 
is now a yellow ball.” The Convair has entered our elec- 
tronic safety envelope, he says, and the TCAS computer is 
calculating our escape maneuver. 

Seconds pass. Slowly. Finally, flight engineer Lou De- 
Stefano spots a tiny black speck in the distance. It’s the 
Convair, coming on fast. More seconds drag by. The yel- 
low ball turns into an ominous red square. At the same 
time, the speck ahead turns into an airplane. 

Abruptly, the mechanical voice warns: “Descend. De- 
scend. Descend.” Ryan eases the control yoke forward, and 
the 727 noses down. The approaching aircraft grows at an 
alarming rate, then screams by, easily clearing our ship. 
"Advisory clear," comes a toneless announcement. 

TCAS, an electronic collision-avoidance system that's now 
in the final stages of development, should go a long way 


C hicken. That's what we used to call this game when 
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toward eliminating the danger of midair collisions. It’s 
not a new idea; work on early anti-collision systems actu- 
ally began more than three decades ago. But finally prac- 
tical systems are near. 

TCAS comes in three flavors. One version—called TCAS 
Il—is fast approaching completion; production systems 
should be available for airliners during 1989. TCAS II 
warns when pilots are on collision courses and tells them 
whether to climb or dive—or warns them not to climb or 
dive. An enhanced version, TCAS III, should be along a 
few years later. TCAS III, the system Federal Aviation 
Administration personnel demonstrated for me over the 
Jersey shore, tells the pilot to turn right or left as well as 
to move up or down. TCAS I, a simple and relatively inex- 
pensive proximity-warning indicator for general aviation 
aircraft, has been flight-tested, and commercial versions 
are under development. 

Many tough issues—technical, political, and financial 
—had to be addressed during the development of TCAS: 
What's the best technological approach? Will TCAS work 
reliably enough so that pilots will use it? How safe an 
anti-collision system is safe enough? When will TCAS come 
on line? How much will it cost the airlines, aircraft own- 
ers, and ultimately, the flying public? 

Not all the questions have been answered. Some experts 
are skeptical, for instance, of TCAS II's ability to perform 
in heavy traffic areas such as the Los Angeles basin, where 
as many as 25 aircraft can be flying within a five-mile 
radius. In addition, some airline executives doubt that the 
Congressionally mandated timetable for TCAS II instal- 
lation can be met even in part. But despite such unsettled 
issues, it now seems clear that TCAS is on the way and 
that it will make air travel safer. Beyond current safety 
concerns, TCAS may someday help reduce flight delays by 
allowing air-traffic controllers to safely reduce the spac- 
ings between aircraft, thereby permitting a greater num- 
ber of landings and takeoffs at a given airport. 


TCAS ABCs 


The pressure on the FAA to develop an anti-collision 
system has been growing for years. It’s easy to see why. 
Air traffic is sharply up. So are near misses. Last year 
pilots reported 1,056 near collisions in U.S. airspace—a 

Continued 


FAA test pilot John Ryan flies a Boeing 
727 equipped with the advanced Traffic 
Alert and Collision Avoidance System 
Ш (TCAS Ш) toward a Convair 580 tur- 
boprop airplane in engineering tests 
over Atlantic City, N.J. Note the TCAS 
traffic situation display on the center 
console, partly visible behind Ryan's 
right arm. (The photo was retouched 
to dramatize the demonstration.) 
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TRAFFIC ALERT AND COLLISION AVOIDANCE SYSTEM (TCAS) OPERATION 
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TCAS is an airborne collision-avoidance system that identifies 
the location and tracks the progress of aircraft equipped 
with beacon transponders. If TCAS indicates a potential 
conflict, it advises the pilot of an evasive maneuver. A ТСАЅ 
installation includes a collision-avoidance logic processor, 
an altitude-reporting radio transponder, a direction-finding 
antenna, control panels, audio speakers, advisory indica- 
tors on rate-of-climb dials, and traffic displays. Above is an 
example of a simple aerial encounter. 

TCAS watches a hockey-puck-shaped region of airspace 
15 miles out from the host aircraft. To monitor the surround- 
ing traffic a TCAS II-equipped airplane must determine the 
range, bearing, and altitude of nearby aircraft. TCAS II 
finds the altitude of a target aircraft by interrogating its 


new high (though recent tighter reporting procedures may 
have accounted for much of the increase). Nevertheless, a 
survey last year of 14,000 Air Line Pilots Association 
(ALPA) members found that two-thirds consider midair 
collisions to be their number-one safety concern. 

Though anxiety has increased in recent years, the threat 
of midair cllisions is no new worry. In fact, the attempt 
to devise a technological fix began in the mid-1950s, when 
the Air Transport Association began looking into the mat- 
ter. "By the early '60s several companies had developed 
first-generation systems commonly known as ACAS, which 
stands for Airborne Collision Avoidance System," remi- 
nisces Bill Cotton, manager for air-traffic systems at United 
Airlines. He's been involved with anti-collision systems 
for 20 years. "One of these was built, for example, follow- 
ing several collisions of F-4 fighters over the McDonnell 
Aircraft test range. They called it EROS, for eliminate 
range-zero system. 

“EROS used time-frequency techniques," Cotton ex- 
plains. ^Each fighter carried an extremely accurate and 
quite costly cesium-rubidium clock that was synchronized 
to a master clock. A pulse train of information [including 
the host airplane's altitude] would be transmitted at a 
time precisely allocated for that airplane. Based on the 
time differential measured when another airplane received 
the signal, EROS could determine the range and closing 
speed of the approaching airplane. Then, using early 
collision-avoidance decision-making logic, EROS could di- 
rect an evasive maneuver. 

“The problem with this approach was that it only pro- 
tected against aircraft with EROS equipment on board," 
Cotton says. "And there was little chance of having every 
airplane in the sky fitted with a very costly system." 

In following years, Cotton says, FAA engineers tested 
other ACAS systems bearing names such as AVOIDS and 
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transponder. By timing the round trip of the radio signals 
traveling between the two aircraft, TCAS II calculates the 
range. A directional antenna determines the target aircraft’s 
bearing. 

The target’s bearing, range, and relative altitude are then 
displayed on a radar-screen-like traffic advisory screen with 
the host aircraft in the display’s center and a target sym- 
bol at the appropriate relative position. When a target first 
appears on the traffic advisory display, it is represented as 
a white open diamond with a number indicating its rela- 
tive altitude above or below (+ or —) as well as a small arrow 
showing whether the target is climbing or diving at a rate 
of 500 ft. per min. or greater. Blue tic marks give the azi- 
muth. The display also shows a (still experimental) trend 


SECANT. By 1976, however, the FAA had decided that 
the ACAS concept was impractical because the entire pro- 
gram would have cost too much. “Once it became appar- 
ent that this stumbling block would not be overcome,” he 
continues, “the inventors turned to a piece of equipment 
that was already on the airplane, namely the air-traffic- 
control transponder, also known as a radar beacon.” 


Radar beacons 


An altitude-encoding air-traffic-control (ATC) transpon- 
der is standard equipment for every airliner and many 
other planes as well. It sends out a signal giving the plane's 
identification number and altitude every time it is swept 
by the beams of ATC ground radars. The radars get range 
and bearing from the return signal. Researchers began 
work on anti-collision systems based on these radar bea- 
cons, an approach that became known as BCAS, or Bea- 
con Collision Avoidance System. 

In the late 1970s George Litchford, a New York elec- 
tronics engineer, suggested that a “passive” anti-collision 
system could eavesdrop on these ground-radar interroga- 
tions and so locate and track nearby aircraft. This ap- 
proach, which would use much the same collision-avoidance 
logic as ACAS, became known as passive BCAS. It never 
went into operation, says Cotton, because of its complex- 
ity, and because it would not work where there was no 
radar coverage, such as over the ocean. 

Building on this and other work, the FAA launched the 
TCAS program in 1981. A few years later, Dalmo Victor 
Inc. (Phoenix, Ariz.) installed an early TCAS on a Pied- 
mont Airlines 727 in regular service for six months of 
tests. By 1984 the agency had let out TCAS II develop- 
ment contracts to Bendix/King Air Transport Avionics Di- 
vision of Allied-Signal and to Dalmo Victor, now Sperry 
Dalmo Victor, a joint venture of Unisys and Textron Inc. 
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RESOLVED 
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vector arrow that indicates the predicted position of the 
target in 25 sec. 

To identify a collision threat, the TCAS system logic com- 
putes a target’s closure rate based on the predicted time to 
the point of its closest approach. TCAS constantly calcu- 
lates whether a target aircraft (if it continues its current 
flight path and speed) will penetrate a protected region of 
airspace surrounding the host aircraft. 

When an airplane approaches, it becomes a “proximity 
target,” and its symbol shifts to a solid white diamond. If 
the TCAS computer tracks the target within its threat 
boundary and concludes that it will pass within 1,200 ft. (in 
a typical encounter) of the host airplane, the white symbol 
changes to a solid yellow circle. Simultaneously, a computer- 


Progress in the five years since has been sustained. Last 
year a prototype Dalmo Victor TCAS II was mounted on 
board a Piedmont 727 in regular commercial service, and 
it has completed an eight-month trial. Sperry units will 
soon also be in use on board another Piedmont 727 and 
on two Northwest Airlines MD80s. Bendix units are flying 
in a United Airlines 737 and a DC-8. Piedmont has al- 
ready committed to purchase Bendix TCAS II systems for 
its fleets. Recently another avionics company, Collins Air 
Transport Division of Rockwell International Corp., began 
testing its own prototype TCAS II. The FAA, backed up 
by federal law, is requiring that all airliners with 30 or 
more seats flying over the United States have TCAS II 
units on board by the end of 1991. I recently visited a 
Bendix/King facility to find out how TCAS works and 
where the technology stands. 


Torture chamber 


The Bendix/King offices in Fort Lauderdale, Fla., sit a 
couple of miles inland from the beach amid flat industrial 
parkland that was once semi-tropical scrub pine forest. 
Inside I walk down a corridor past rows of office cubi- 
cles. Seemingly out of place in one corner is a room-size 
cylinder of corrugated-steel sheet. Next to it stand two 
Stacks of nondescript avionics boxes. This odd structure 
and the associated apparatus, says Joe Wilson, the Bendix 
TCAS program director, is Bendix's TCAS ground test 
stand, which can simulate the way the system would work 
in the air. That, Wilson says, “lets the engineers ‘fly TCAS 
on the ground.” 

In operation a TCAS system scans the surrounding air- 
space once every second. The scan triggers a response from 
the ATC transponder in any nearby airplane. From the 
returning transponder signals, TCAS gets altitude infor- 

Continued 
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synthesized voice announces to the crew, “Traffic. Traffic.” 

Should TCAS determine that action is required on the 
part of the host airplane to avoid a collision, the yellow 
intruder symbol transforms into a solid red square, and 
the synthesized voice announces a vertical-escape-maneu- 
ver advisory such as “Climb,” “Descend,” or “Limit verti- 
cal speed” three times. At the same time, red semicircular 
“eyebrow” lights on the rate-of-climb dials will illuminate 
to show the pilot what vertical speed regimes to avoid. Si- 
multaneously, arrows on the traffic display indicate the nec- 
essary maneuver. If the intruder aircraft is also equipped 
with TCAS II, the systems will exchange data so they can 
coordinate the escape maneuvers in a complementary fash- 
ion, avoiding paths that themselves could cause a collision. 
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Bendix/King’s TCAS test facility іп Fort Lauderdale, Fla., 
was designed to allow ground simulation of aircraft-to- 
aircraft encounters. The facility is composed of an outside 
signal-blocking anechoic chamber (left), in which the TCAS 
directional antenna is mounted, and a computer-controlled 
transponder signal-generation system (right). The directional 
antenna transmits transponder interrogations generated by 
the TCAS processing unit. Dipole antennas mounted inside 
the chamber receive the interrogations, as would another 
aircraft's transponder antenna. Digitally controlled signal 
generators decode the interrogations and produce appro- 
priate replies (containing the simulated aircraft's altitude, 
bearing, and range), which are then radiated into the cham- 
ber to be picked up by the directional antenna. In this way, 
various aerial encounters can be “flown” in the lab. 
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mation. From the time it takes the interrogation signal 
to go out and the answers to come back, TCAS figures 
distance. With an electronically steerable (nonmechani- 
cal) directional antenna, the system gets direction. 

Once a second, TCAS gets back updated information. 
From this constantly changing mass of data, a computer 
calculates the flight path of the target plane. It then com- 
pares that information with the flight path of the host 
airplane to see if there is any danger of collision. After- 
ward it shows this data on an easy-to-interpret graphics 
display (if the aircraft is fitted with one). In case of possi- 
ble danger, the system alerts and directs the pilot with 
special warning lights on cockpit instruments and with a 
synthesized voice message system. Naturally, it does this 
not just for a single intruder, but for any and all trans- 
ponder-equipped planes in the area. 

It’s all pretty straightforward in principle. But a lot of 
problems had to be solved along the way. One of them, for 
example, is this: How do you tell the direction from which 
returning signals are coming? A radar transmitter tells 
easily; its highly directional dish antenna transmits a nar- 
row beam in one direction and then gets a reply from the 
same direction. But a successful collision-avoidance system 
would transmit a signal in all direc- 
tions, get back a number of replies, 
and be able to tell the direction to each 
respondent. 

Part of the answer to this problem 
is visible as Wilson opens the door to 
the strange shiny cylinder. The first 
thing to catch my eye is a forest of 
blue spikes on the chamber’s walls, 
floor, and ceiling. Plastic foam stalag- 
mites and stalactites—both vertical 
and horizontal—line the interior, all 
pointing at a five-foot-diameter metal 
structure on a spiny central pedestal. 
Protruding from the top of the struc- 
ture is a white bump a foot wide. 
Around the wall, also pointing at the 
center structure, are several small 
wire antennas. 

The bump, Wilson explains point- 
ing, is an antenna. The large metal 
structure in the torture-chamber-like 
room represents the fuselage of an 
airplane; the bump is mounted as it would be on the top 
of an airliner. 

The TCAS antenna, he continues, is directional, but it 
does not contain a familiar spinning dish. Instead it con- 
tains a number of small antenna elements arranged in a 
circle around a center element. Fed with the proper sig- 
nal, they transmit an interrogating pulse simultaneously 
in all directions. But when the responses arrive, they strike 
at slightly different times, or with what engineers call 
different phase relationships. By comparing the phase 
patterns of the returning signals at each element, the 
computer can find the directions from whence the signals 
came. 

The test stand we're looking at shows how it all works. 
“This room is our anechoic chamber,” says Wilson. “The 
signal-deadening walls isolate the directional antenna from 
outer radio interference. We send simulated ATC tran- 
sponder responses to the antenna, which feeds them into 
the TCAS processor, which in turn displays the traffic data 
on the screen.” 

The test-rig demonstration also shows that another big 
development problem has been solved: signal clutter. Dur- 
ing the early work on TCAS, engineers had worried that 
in crowded areas with many transponders replying to mul- 
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takes is one un- 
planned encounter 
to make you a 


believer 7 y 


tiple inquiries, TCAS would be overloaded and the responses 
garbled. As I look at the traffic display, the CRT screen 
shows more than 25 intruder symbols surrounding “our” 
aircraft in the center. Bendix engineers say that the sys- 
tem will handle that kind of load. But one engineer can't 
help kidding me: "You'd better hope that you don't see a 
traffic situation like this when you go up on that TCAS 
III demo flight in Atlantic City" 

The clutter problem had to be solved for the system to 
be truly useful. In fact, back during BCAS days propo- 
nents suggested that it might be necessary to simply turn 
off the system in high traffic-density areas, such as around 
major airports. But that's just where it's needed most. So 
the FAA contracted with the Mitre Corp., a nonprofit sys- 
tems engineering firm in McLean, Va., and with the Lin- 
coln Laboratory of the Massachusetts Institute of Tech- 
nology in Lexington, Mass. Mitre engineers suggested a 
method to overcome the clutter problem called "whisper- 
shout." 

“Whisper-shout is a thresholding technique in which 
the transponder receivers on nearby aircraft are divided 
into smaller groups according to their sensitivity,” explains 
Bill Harmon, an electrical engineer at Lincoln Labs, who 
worked on its implementation. In 
effect, he explains, the transmitter 
first sends out a low-power interroga- 
tion signal—the whisper. Only high- 
sensitivity (and nearby) transponders 
detect it and answer, so the equipment 
has only a few replies with which to 
deal. Then it sends out a stronger 
signal—a shout—which stimulates 
replies from lower-sensitivity tran- 
sponders. But here's the trick: It also 
includes a code that suppresses an- 
swering signals from airplanes that 
reply previously. Thus it can suc- 
cessively sample aircraft at various 
ranges, cutting down the number that 
has to be dealt with at any one time. 

The final element that solved the 
clutter problem was the directional an- 
tenna. As explained earlier, it can an- 
alyze returning signals to tell the di- 
rection of their origin. But it can also 
transmit directionally. In practice it 
queries only one quadrant at a time. That, in conjunction 
with whisper-shout, could keep the equipment from being 
overwhelmed under even the most crowded conditions. 

While engineers at Lincoln Lab worked on the com- 
munications aspects of collision avoidance, including 
whisper-shout, Mitre researchers concentrated on the com- 
puter logic that would decide whether a collision was im- 
minent and what to do if it were. Obviously it wasn't 
enough to simply sense proximity. An airplane might be 
close, but on a course that would offer no threat. Says 
Ned Spencer, a department head in Mitre's air-transpor- 
tation-systems engineering division, “Instead of alarming 
on a set distance to the intruder, the collision-avoidance 
logic software uses the number of seconds to his closest 
approach. This concept, called Tau, was developed years 
earlier by John 'Smiley' Morrell, an engineer for Bendix. 
Mathematically, Tau can be expressed as the range to the 
intruder divided by his closure rate. It takes the closing 
speed out of the equation so you have the same ‘feel’ for a 
slow aircraft as for a fast one. This is desirable because it 
takes a certain amount of time for an airplane to make 
an evasive maneuver. What a pilot really needs is time to 
get out of the way" 


[Continued on. 80] 
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s a welcome visitor to Tomorrow’s House, the door unlocks when you approach, and the secu- 
A rity system bows in silence. Such a response will be automatic, for this house is electronically 
“smart.” Younger homeowners—today’s computer-compatible kids—will find that no more remark- 
able than we find indoor plumbing. But the older generation should be impressed; this growing 
group will be able to maintain independent lives even after time starts pulling its dirty tricks, 
thanks to a responsive habitat. Read all about it in “Smart House.” m If you can't wait for tomor- 
row, find out how to raise the IQ of your present house in “Smarter House—Now.” ш An aging 
population, the trend toward non-traditional households, and the continuing imperative to do 
more with less land and less energy add up to a growing need for smaller houses. “Living Big in 
a Little House” suggests that with good design we needn't miss the space. ш Those same trends 
will push more Americans into multifamily housing. Are there better ways to build big build- 
ings? “Meet the Wallbots" and find out. m New materials promise to improve the comfort of fu- 
ture houses while controlling costs. Learn about “Amazing Glazing”; it will make windows more 
energy efficient than today’s walls. m Then read about tomorrow’s walls in “Wallboard Undergoes 
a (Phase) Change.” ш “Are You Ready For a Plastic House?” Don't reply until you've visited GE 
Plastics, where a prototype house, engineered as a system, is taking shape. You'll see no far-out- 
looking habitats as you peruse these pages, which suggests that Tomorrow's House may look a lot 
like today's. But beneath the skin it will be as different as a jet is from a jitney. — The editors 
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Smart 
House 


The stereo lowers its volume so that you can 
hear the doorbell ring. The dishwasher, in- 
formed by the utility that lower electric rates 
are available, tells the water heater to ready 
some 140-degree-F water. At bedtime you 
reach for a small remote controller and push 
the “good night” button. A voice from the in- 
wall speaker confirms that all windows and 
doors are locked, the security alarm is trig- 
gered, the thermostat is set back, and all lights 
in the house are assigned to occupancy sen- 
Sors. You're living in a Smart House, where 
everything that uses electricity or gas talks 
to everything else. Technically, the heart of a 
Smart House is a one-for-all wiring harness 
linking all of those appliances and systems, 
plus microprocessors that call the shots. Po- 
litically, it's not so simple. 


By V. ELAINE GILMORE 


Lead illustration by Mario Ferro 
ire in den! Fire in den! Exit through bedroom door. 
Ё Fire department alerted. Exit immediately!” 

The insistent voice, with its syntho twang, repeated 
the urgent message. 

Instead of exiting through the bedroom door as instructed, 
we stood intrigued—in the den, no less—and discussed 
the electronics that made the message possible. 

With me were Robert K. Aasen, senior principal engi- 
neer in Honeywell’s corporate systems development divi- 
sion, and Keith Phillips, vice president for marketing of a 
group called Smart House Limited Partnership. Location: 
Honeywell House, a home-automation laboratory built to 
look like a real house, but built inside the company’s sprawl- 
ing research facility in Golden Valley, Minn. 

To demonstrate the fire response, Aasen had taken a 
spray can of smoke and squirted a shot into a smoke de- 
tector in the den. That triggered a string of events—from 
the smoke sensor, microprocessors, a voice-enunciation chip, 
occupancy sensors, and a telephone linkage. It was the 
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Remote monitoring will be possible: 
Where's Charles the The occu- 
pancy detector says someone's in the 
kitchen. The fridge door's sensor tells all. 


Smart House controls need not be centralized. 
Small panels, much like a programmable ther- 
mostat, can be located wherever they're wanted. 


Moisture sensors, a set ИШ or some 
combination can determine when the lawn 


voice-recognition circuitry. Thus 
members of the household can come and go with a spoken com- ——— 
camera aimed at the door, occupants can screen | 
from a remote location. 


Smart heating, cooling, and ventilating systems will respond to” 
factors besides room temperature. Humidity, indoor air quality, 
whether a room is empty or occupied—even the utility rate—can 
be factored in. Comfort will be improved and less energy used. 


Smart appliances can communi with each other. For example, 
the washer could flash a message on the TV screen: WASH CYCLE 
FINISHED; MOVE CLOTHES TO DRYER AT NEXT COMMERCIAL. 


capstone to Aasen's demo 
sibilities that are built 
To achieve the desired 
plied lots of technical е: 


dation of home-automation pos- 
he test house. 
cts, though, Honeywell ap- 
se and spent some $400,000 
t imagine a house that could 
an_affordable price; a house 
тин" Ц Е 


on wiring and electroni 
perform feats like this 
that would have all the you 
appliances—gas and ele eire l9 Connie withzach — — 
other and with such outside services as utilities, cable 
and satellite television, and even the appliance repair shop. 
Impossible? 
More like inevitable. 
My visit to Honeywell House was actually an adjunct 
to another mission: to pick the brains of a group of engi- 
neers, dubbed the Tiger Team, who spent last summer 
and fall at Honeywell's lab working out the initial techni- 
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Closed - Loop 


Motorized skylights can be con- Electrical appliances, 
trolled according to conditions in- T i <a, telephones, stereo 
side and out. When an —speakers, television sets — 
thermometer near the skylight —Closed-loop power means that no electricity — (including cable and an- 
reads 90 degrees F, it might be —flows to an outlet (or gas to a gas outlet) —tenna hookups) all 
instructed to open. But that in- unless communication is established between plug into the same out- 
struction could be overridden if ап authorized appliance and a chip in the let. Today's “dumb” ap- 
moisture sensors outside indi- ^ controller. So a baby poking in a fork сапї pliances will need ап 
cated that rain was falling. get an electrical shock. adapter. 


Quick-connect natural-gas out- 
lets can be anywhere they're 
wanted. Gas appliances, like 
electric, will be continuously 
monitored for safe operation. 


Appliances | | 
Lighting 


Security 


Fire detection | Е 
HVAC | Б 
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Smart House systems can be con- 
trolled in various ways. One way: 
‘a touch-screen television monitor. 
Touch LIGHTING from the main. 
menu (top), and you can change 
how lights are turned on and off. 

| Choose DIRECT CONTROL (center), 
‘id piping for natural gas, now used and you can control them from 
in Japan and England, will make running the touch screen. Choose ASSIGNED 
gas lines throughout the house as easy as CONTROL (bottom), and you can as- 
running electric wiring, the industry says. sign them to occupancy sensors 
One type under test: corrugated stainless (footprint icons); other sensors, 
steel (the plastic wrapping adds protection switches (squares on walls); or 
and reduces friction). combinations of devices. 
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Power Blocks 


Smart Houses will bring in outside services as shown abov 
LC (load center) is the point of entry for electric power, HE 
(head end) for cable TV and antenna, G (gateway) for tel 
phone service. All are distributed via a common wiring 
able. A low-voltage DC line on the cable carries the uninte: 
ruptable power supply (see text). At each point on the cable 
any or all conductors can be accessed. An outlet would tap 
a light, switch, or sensor might tap only portions. (When 
s diagram w: s planned to put telephone 
service on the coaxial cable, along with the TV signal; now 
they plan two dedicated pairs of li for phones.) Are 
controllers (AC) send and receive s als to power blocks, 
hich communicate with outlets, lights, and sensors. R 
gional controller (RC) coordinates the area controllers. Gas 
control (GC) mediates the flow of gas, which can be shut 
off at the main valve or at control manifolds (CM). 


First laboratory Smart House, in Bowie, Md., is used for 
bread-boarding Smart House components and testing ad- 
vanced gas appliances. 


cal details of a sweeping program intended to make the 
automated home the standard dwelling before we're far 
into the new century. The concept, called Smart House, 
was conceived by the National Association of Home Build- 
ers Research Foundation and eventually spun off as Smart 
House Development Venture (then changed to Smart House 
Limited Partnership). 

Basically, Smart House is an integrated wiring scheme 
with a battalion of microprocessors running the show. 
Smart House advocates say it would bring improved safety, 
better security, advanced entertainment features, greater 
convenience, improved comfort, superior communications 
capability, and reduced energy costs. But others are trav- 
eling toward similar goals. And they may be catching dif- 
ferent buses. More on that later. 


Smart idea 


In November 1984 David MacFadyen, then executive 
vice president (now president) of the NAHB Research Foun- 
dation, and generally considered the father of Smart House, 
invited more than 100 manufacturing firms, trade associ- 
ations, and government agencies to a seminar to discuss 
the concept, which would require redesigning the electric 
and electronic services of a house in a coordinated fashion. 

The just-passed National Cooperative Research Act 
modified certain provisions of antitrust laws to allow re- 
search and development consortiums, and Smart House 


POWER WIRES (3) 


TWISTED PAIR FOR CONTROL 
COMMUNICATION 


TWISTED PAIR FOR TELEPHONE 


Development Venture was the first to be formed under it. 
Eventually 44 manufacturers signed on, including such 
biggies as General Electric, Whirlpool, Honeywell, Apple 
Computer, Kohler, Carrier, Lennox, Square D, and many 
more with similar standing. In addition, service provid- 
ers such as electric and gas utilities signed on as advisory 
council members. 

Builders got their first look at Smart House wizardry 
at the NAHB's 1986 convention. Two vans, one for gas 
appliances and one for electric, were set up in the Dallas 
convention center to show what Smart House could do. 

It was an impressive demonstration: An articulate young 
man walked to a wall switch and turned on the living- 
room light. Then he touched the screen of a television set. 
“Tm now assigning this light to the motion sensor in the 
bedroom," he explained. He walked into the bedroom and 
the living-room light went off. 

The Smart House vans could do much more. But they 
were made smart the way Honeywell made its lab house 
smart: by applying brains and bucks to force hundreds of 
off-the-shelf devices to work together—often against their 
will. The two vans came at a cost of about a half a million 
dollars. 


Smart House basics 


In a real Smart House, the system integration would 
all be built in. Picture your present house wiring as a 
network of roads, all running willy-nilly behind the walls: 
Copper wires carry AC power; double strands of copper 
called twisted-pairs carry the telephone signal; coaxial 
cable links your television set to an antenna, a VCR, and 
maybe to a cable-TV service or satellite dish. There may 
be low-voltage lines for thermostats and doorbells. 

It is difficult today for a signal traveling 
on one of these roads to move to another. 


TWISTED PAIR FOR LOW VOLTAGE 


It's like driving for miles looking for 
an intersection, and when you finally 
find one, it's an overpass or underpass. 
Conceptually, Smart House would make 
the roads all run parallel, and provide 

elegant cloverleaf interchanges so that you 

could go from one to another whenever and wherever you 
pleased. 

Physically, Smart House starts as a single wiring cable. 
Electrical engineers call any conductor or group of con- 
ductors used to transmit signals between devices a bus. 
The Smart House cable would supply AC power, low-voltage 
DC, telephone, audio, video, and high-speed data commu- 
nication. The cable, a bundle of conductors, would be in- 
stalled throughout a house by a single subcontractor. 

Every service would be available at every outlet. Plug 
in your television set, and you're connected to the antenna, 
the cable system, and the VCR, as well as to the electric 
power. You could plug your toaster—or your telephone— 
into the same outlet. You could hook up the computer in 
Johnny's bedroom to the printer in your home office. 

With Smart House wiring, switches would no longer 
physically open and close a circuit to control power flow 
to an outlet or room light. Instead, they would send sig- 
nals to a microprocessor in a controller, and it would reg- 
ulate power flow according to its program. It could be told 
to turn on the light only if the room is dark and occupied 
and the wall switch on, for example. 

Using switches would be only one way to send a signal 
to a controlling microprocessor. You could also use a video 
Continued 


One concept for Smart House wiring calls for a cable to be 
wrapped around two coaxial cables and covered by a 
sheathing. Wires are stripped here for clarity only; electri- 


cians would snap on insulation-displacement connectors. 
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touch screen, a telephone key pad, an infrared remote con- 
trol, and sensors (for heat, motion, smoke, gas leaks, water, 
maybe even for radon or the odor of garlic). With voice- 
recognition circuits you could simply give orders. Further- 
more, one appliance could easily send signals to another. 

Connecting a Smart House system to the telephone lines 
would allow it to communicate with the outside world. 
You could call your house and ask it to prepare your bath. 
Or the electric utility could alert your dishwasher when 
cheap power was available. 

The other fundamental aspect of Smart House technol- 
ogy is what the engineers call closed-loop power. “Basically, 
each appliance, anything that can be plugged in, will con- 
tain a communications chip,” explained Lane Nichols, man- 
ager of power-distribution system development for Smart 
House Limited Partnership, and a member of the Tiger 
Team. “The power block associated with each outlet [see 
diagram] has a chip also.” The two would communicate 
over a dedicated line, a control com- 
munication network. “When you 
plug in the appliance, its chip relays 
three pieces of information to the 
power block,” Nichols continued. “It 
gives its identity: 1 am a Sunbeam 
iron. It gives its estimated current 
draw: ‘I nominally operate at twelve 
amps.’ And it tells its status.” 

If everything checks out, the power 
block would send current to the ap- 
pliance. Then the signal loop would 
constantly monitor the appliance. If 
there is a malfunction—a short, an 
overload, or a ground fault, for ex- 
ample—power to that outlet would be 
shut off. 

Thus closed-loop power would make 
Smart Houses safer places to live. If 
a toddler poked a paper clip into an 
outlet, no power would be there. Only 
authorized devices with the right 
chip can receive electricity. Home wir- 
ing is involved in some 300 electrocu- 
tions annually, MacFadyen reports. In a Smart House that 
hazard should be eliminated. 

Electrical fires should be greatly reduced. If the iron 
has a frayed cord and shorts, thus drawing too much cur- 
rent, Smart House would cut off the electricity—or wouldn't 
send any in the first place. One spectator who came to see 
the Smart House vans told Ken Geremia, Smart House 
director of public affairs, what such protection could have 
meant to her. She was scrubbing the walls with a steel-wool 
soap pad one day, and she wiped it over an outlet. Sparks 
flew and her clothes caught fire. She suffered second- and 
third-degree burns over her chest and arms. Such an acci- 
dent wouldn't happen in a Smart House. 

Smart House technology would add similar safety to 
natural gas, for gas outlets also would be closed-loop af- 
fairs. A gas control would monitor for gas leaks or im- 
proper connections. If it detected an irregularity, it would 
shut off the gas to that appliance. A Smart House could 
go further: If a smoke detector sensed smoke, it could cut 
off the gas at the main valve, for example. 

Despite its heavy reliance on electronics, a Smart House 
would not crash when the power failed. A black box called 
an uninterruptable power supply (UPS) would switch the 
house to backup batteries. The UPS would maintain the 
Smart House logic plus selected functions: alarms and the 
pilot for a gas furnace, perhaps. 

Homeowners wanting more freedom from blackout wor- 
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may end up with 
three—or more— 
standards for home 


— 9 


ries could add photovoltaic panels or a windmill and keep 
many more appliances operational. The gas industry is 
pushing the concept of home cogenerators—natural-gas- 
powered machines that would generate electricity and also 
produce heat and hot water. 


Fellow travelers 


Few experts doubt that houses will one day have smart- 
house-type intelligence. Some wonder if it will be Smart 
House (capital S, capital H) technology, though. There are 
other shows—or buses—on this road. Today's houses con- 
tain what Richard Giddings, manager of homes and build- 
ings research at Honeywell, calls “islands of automation": 
microprocessor-controlled appliances with limited brains. 
Manufacturers are now pushing on to achieve product 
integration—each within its own line. Home automation 
is also advancing in the form of home-control systems of 
greater and lesser capabilities (see "Smarter House 
—Now,” this issue). 

But what is lacking today are com- 
mon standards— design specifications 
that would make controllers and ap- 
pliances physically and logically com- 
patible. Standards also would mean 
that the same microprocessor chip 
could be mass-produced cheaply. 

Setting standards is one goal of 
Smart House. It is also a goal of the 
Electronic Industries Association, a 
powerful trade group with a member- 
ship that ranges from consumer-elec- 
tronics companies to electric utilities. 
Smart House is designing a Smart 
House Bus; EIA is writing a Con- 
sumer Electronics Bus standard. 

The Consumer Electronics Bus stan- 
dard would cover the signals used in 
three main areas of home electronics: 
wireless communications (infrared re- 
mote control), long-range communica- 
tions (coaxial cable, twisted-pair wire, 
or fiber optics), and communications 
via existing house wiring. Presently none of these stan- 
dards is written and accepted. “We hope to announce all 
of them by the end of the year," says Thomas K. Lauter- 
back, vice president of communications at EIA/Consumer 
Electronics Group. 

Theoretically, Smart House could accept the EIA stan- 
dards. "Whenever they do something that is applicable 
to our system design, we will use it," says Chuck Gut- 
enson, vice president for engineering at Smart House 
Limited Partnership. “But we won't wait around to hear 
what the standard is going to be.” 

Timing is one problem. Another may be the issue of 
exclusivity: The EIA wants to publish a standard for ev- 
eryone to use. Smart House wants to license its propri- 
etary technology, initially to three manufacturers in each 
product area. Both might be able to have their way: "We've 
identified about forty areas we want to try to patent that 
are not related to anything EIA is doing," Gutenson says. 

Thickening the plot, the Japanese and the Europeans 
are also working on their own standards for home auto- 
mation. So the world may end up with three—or more 
—standards. One solution: adapters—interface plugs that 
would allow non-compatible appliances to communicate 
with each other. 

Like Smart House, the EIA began its Consumer Elec- 
tronics Bus effort in 1984. Both groups have issued sev- 

Continued on page 82. 


he world 


Are you ready for a 
plastic house? 


Will your next home be assembled from plastic modules? GE breaks ground next month for 
an elaborate concept house to demonstrate the use of engineering thermoplastics for panelized 
and component home building. It could launch a new era in manufactured housing. 


By AL LEES 
Drawings by Mario Ferro 


LOW-DENSITY-FOAM ROOF PANELS 
Pirrsfie.p, Mass. 

E Plastics is out to prove to 

G the construction industry that 
thermoplastics can do virtually 
everything wood, masonry, metal, and 


glass can—and do some things far bet- AIRTIGHT SEALING SYSTEM 

ter. So the company has committed BUILT-IN LIGHTING 
over three million dollars to design 

and build a 3,000-square-foot demon- р EXTRUDED LOCATION 


stration house near its headquarters 4 d TRACKS FIT ONTO PANELS 
here that will be an ongoing, ever- | 
changing product laboratory. 
In a sense General Electric already 
has such a structure in its dramatic LOW.DENSITY-FOAM-CORE DOOR 
125,000-square-foot technology center 
at the edge of town. The soaring barrel- 
vault roof is glazed with curved pan- RADIANT WALL PANEL 
els of LEXAN. The entrance canopy, 
light fixtures, handrail panels—even 
Continued 


MOLDED PLASTIC FLOOR PANELS 


ELECTRIC/ELECTRONIC 
WAFFLE-IRON 1 RACEWAY 
SERVICE. 
DISTRIBUTION 
FLOOR 


PLASTIC AIR DUCTS 


PHOTOVOLTAIC LAMINATES: 


CREATE ELECTRICITY TEC (TOTAL ENVIRONMENTAL 


CONTROL) UNITS: AIR 
CIRCULATION, AIC. 
FURNACE WITH FLUE-PIPE 
HEAT EXCHANGER 


ENERGY-EFFICIENT SKYLIGHT 


WEATHER SKIN ON 
FOAM-INSULATED ROOF PANELS: 


BLOW-MOLDED 


FOAM-INSULATED PLASTIC SIDING WATER ELORIGERANKS 


PHOTOCHROMIC ENERGY-EFFICIENT- 
LEXAN WINDOW Here's the general public's first look at the 4-ft.-tall model of 
a corner section of the house GE will build. It was unveiled 
in late June at a national plastics expo in Chicago. The cut- 
away inside corner (above) shows how molded plastic floor 
and wall sections can facilitate distribution systems. A 
sketch of the outside corner (left) shows how plastic con- 
crete forms can be left in place as a waterproof face against 
which to backfill—and how gutter and downspout can be 
integrated into the design to avoid usual tacked-on look. 


FRP GUTTER AND DOWNSPOUT SYSTEM. 
INTEGRATED INTO CORNERS 


PRE-CAST CONCRETE FOUNDATION PANELS: 
WITH INTEGRAL LOW-DENSITY 


FOAM WALLS INSIDE 
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electrical connectors—are all made 
from GE engineering plastics. 

I'm here for more than a grand tour 
of the vast research facilities, though. 
I want to learn about GE's ambitious 
attempt to break into U.S. home build- 
ing, so I've come to interview program 
manager Michael Dickens, an indus- 
trial designer who heads a project 
team including specialists in design, 
engineering, materials, and computer 
programs. 

The purpose of this research center 
is to develop new markets for the basic 
thermoplastic resins GE sells to man- 
ufacturers (mostly in the form of pel- 
lets). GE designers and technicians 
work closely with these customers to 
test new product concepts. A prime ex- 
ample has been GE’s work with car 
manufacturers in the United States 
and abroad. GE chose Dickens to head 
this concept-house project on the basis 
of his design and development projects 
with BMW, Volvo, and Audi. 

“Our job is to get the same message 
to this country’s construction-products 
manufacturers and home builders that 
we've already delivered to the auto 
makers," Dickens tells me. “We need 
to show them how plastic components 
can replace the materials they're used 
to, to improve performance and styl- 
ing and still be more cost effective. 
But it's tougher with the construction 
industry because it's so fragmented. 
There are no major leaders to direct 
your message to, as there are with 
automobiles. We could take a demon- 
stration car to a handful of industry 
leaders to make our point. But in 
home building we decided we'd have 
to plan and assemble a concept house 
that we can invite manufacturers and 
builders and code administrators to 
walk through and help develop. 

"This project's no stunt," Dickens 
continues. "It won't result in an 'all- 
plastic house of the future. Plastics 
will be used only where they make 
sense functionally and economically.” 
And they won't be distorted to simu- 
late natural materials either. They'll 
proudly declare themselves plastics. 
(Indeed some of the experts to whom 
T've spoken here remain sensitive to 
the popular use of the term plastic to 
denote something ersatz or cheap.) 

As I try to get a handle on the type 
of components that will go into this 
concept house, I realize that most ex- 
isting plastic building components will 
be largely absent. There will be no 
vinyl siding, vinyl gutters, or all-vinyl 
window sash—for the simple reason 
that polyvinyl chloride is not a GE en- 
gineering plastic. But most of the jobs 
that vinyl is already doing in the home 
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will be taken over by GE plastics that 
will do them even better (of course). 

The house, scheduled for completion 
in July 1989, won't be open for public 
tours. It will be a showcase that GE 
hopes will stimulate potential custo- 
mers—especially companies that 
manufacture housing components—to 
come up with additional input for the 
house. GE won’t manufacture any 
components. The company doesn't ac- 
tually make any of the array of plas- 
tic products on display here at the 
center—from auto bumpers to football 
helmets to baby bottles to gas-station 
signs. But GE might well go into joint 
ventures with clients, with the re- 
search center developing and testing 
prototypes. 

To launch his research for this 
project, dubbed Living Environments, 
Dickens traveled to Scandinavia and 
Japan to study manufactured housing 
in the countries where it is most ad- 
vanced. He found that fully one-fifth 
of all new homes in Japan are manu- 
factured on robotized assembly lines; 
and entire bathrooms are molded out 
of plastic for quick installation and 
easy cleaning. In Scandinavia almost 
all new homes are factory-made. 


Reproducible perfection 


“I was used to the automotive ap- 
proach—affordability through mass 
production,” Dickens tells me. “Tech- 
nologically, the average American's 
home is crude by comparison with his 
automobile. It’s still handcrafted. But 
able craftsmen and quality lumber are 
both getting scarce. What mass pro- 
duction can bring to housing is ‘re- 
producible perfection'—that is, con- 
sistent quality and reliability" 

Factory-made components can be 
produced to tighter tolerances to per- 
mit an energy-efficient structure. All 
this, combined with higher efficiency 
in assembly techniques, will mean 
far fewer call-backs for future home 
builders. 

“Ideally,” says Dickens, “the future 
home buyer will receive a service man- 
ual and a long-term warranty, just as 
he does with a new car.” 

But perhaps the greatest advantage 
of factory-built components will be the 
design flexibility they'll permit. In 
Japan a new-home buyer uses inter- 
active computer programs in dealer 
showrooms to customize the house he 
wants. Computer-aided engineering 
drawings are then made, and within 
a couple of weeks prefab modules ar- 
rive at the site, to be erected on an 
already-poured concrete foundation. 

All this existing technology will be 

[Continued on page 85] 


New technology lets plastics 


As the diagram at right shows, the GE design 
team is developing a great variety of concepts 
and systems that may go into the plastic house. 
Among the more innovative are the components 
shown as insets (counterclockwise from upper 


right): 

1 Plastic radiant panels serve as 25 percent 
of interior walls. Sandwiched between reinforce- 
ment skins of AZDEL, the low-density foam core 
creates many small channels to carry hot air be- 
hind the wall surface; heat radiates into the room. 
Until the wall surface warms, hot air can be blown 
directly into the room (small blue arrows), but 
the valve system automatically converts to radi- 
ant later because GE has found it can be over 
30 percent more efficient than forced air. Larger 
channels extruded into the back panel distrib- 
ute hot or cold air throughout the house and 
bring return air back to the TEC (for Total Envi- 
ronmental Control) units. The system can reverse 
to eject polluted air when triggered by a smoke 
detector or other sensing device. These chan- 
nels can also carry electrical, gas, and plumbing 
runs. 

2 TEC units consist of molded plastic mod- 
ules that are the heart of the house (just as the 
wall channels are the arteries). Three modules 
are shown side by side here, but the number 
can be adjusted to local climate or varying house 
sizes. TEC units coordinate air circulation, heat- 
ing, and air conditioning; the domestic hot- 
water supply; water and air purification; and en- 
ergy recovery through heat exchangers made of 
NORYL. Ducts shown in orange will be made of 
AZLOY. The structural I-beam shown is pultruded 
plastic with unidirectional glass fibers. 

3 This is a plastic floor panel and support 
system for suspended floors (an alternative to 
the waffle-iron floor in the main sketch, which 
lets you lay down pipe and cable in the various 
channels). The joists consist of an AZLOY center 
core plus unidirectional wood laminates. The fixed 
floor panels, shown in white, are AZDEL rein- 
forced with mineral fiber. The AZDEL service pan- 
els (gray) lift up for access to the systems runs 
(plumbing, gas, or electrical lines, and the air- 
flow lines shown in orange) as well as to AZDEL 
storage bins, where you can stash Christmas 
decorations. 

A few other concepts: 

4 The AZDEL decking system might be FRP 
planks, as shown, or thermo-stamped tiles that 
would snap into a projecting frame. AZDEL is 
‘one of the toughest of the engineering plastics. 
It's already used for such items as warehouse 
pallets, where it stands up to abuse far better 
than wood pallets. 

5 Structural splice-together wall panels that 
eliminate most framing. 

6 Extruded plastic window and door frames 
(and pultruded vertical frame members). 


an integrated gutter system. 

* Leave-behind plastic forms with integral in- 
sulation for the poured-concrete foundation wall. 

* Non-structural partitions that can be moved 
to alter the floor plan. 

* Automated equipment controls and inter- 
changeable plug-in appliance systems (see both 
smart house articles in this issue). 

* Furniture walls with cabinets, shelves, and 
seating integral to the structural panels. 


replace conventional materials 


2 TEC AND ULTEM DUCT SYSTEM 
FOR HOT/COLD AIRFLOW 


GELOY-SKINNED STRUCTURAL/INSULATING 
SIDING OVER LOW-DENSITY PPO FOAM 


AZDEL SERVICE- 
ACCESS PANELS 


LOMOD DOOR AND. 
WINDOW GASKETING 2 


4 AZDEL peck =" 


PANEL SYSTEM 7 


7 PHOTOVOLTAIC LEXAN LAMINATES 


ON LOW-DENSITY-FOAM-COMPOSITE 
ROOF PANELS 


1 RADIANT 


WALL PANEL 


ENERGY-EFFICIENT 
BLOW-MOLDED 
SKYLIGHTS 


8 TPS GUTTER SYSTEM 
PULTRUDED FRAME 


"d 
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—LOW-DENSITY-FOAM 
EXTRUSIONS WITH 
WEATHER SKINS 


WAFFLE-IRON SERVICE 
DISTRIBUTION FLOOR 


THERMO-STAMPED TPS 


NORYL DOORS— 
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GLOSSARY OF ENGINEERING PLASTICS 

AZDEL: Composite sheet products manufactured by Azdel, Inc. 
from a joint venture between GE Plastics and PPG Industries, 
combining thermoplastic resins with fiberglass mats. Sheets are 
fed into heat-stamping or high-speed compression-molding 
machines. 


FRP*: Abbreviation for Fiberglass-Reinforced Plastic. AZDEL is а 


quality version. 
TPS: Structures. High-strength giass-mat/Azdel 


Technopolymer 
composite (30% glass) with improved flow for thin-part moldings. 
AZLOY: From the TPS family, it features a resin matrix of amor- 


GELOY: Weatherable resins that maintain color (even dark tones) 


gin tion msn Toy cele lly Hace lo 
LEXAN: Polycarbonate resin in sheets, structural foam, or film 
forms. Outstanding impact strength, excellent transparency, 
good weatherability Sheets can replace glass in many glazing 


applications. 
LOMOD: Thermoplastic elastomer and foam used in automotive, 
electrical 


FOAM FILLED, PRECAST CONCRETE BASEMENT PANELS STAIR SECTIONS 
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Wallboard undergoes 


Distributing phase-change materials throughout the matrix of gypsum wallboard renders 
lightweight walls with the high heat-storing capabilities of heavy masonry walls. 


By NAOMI J. FREUNDLICH 
Photos by Dale Grant 


programs at Canada’s Energy, Mines and Re- 

sources bureau, agreed to send me a sample of a 
new heat-storing building material, my interest was 
piqued. But when I opened the package and a piece of 
plain-old gypsum wallboard fell out, I was frankly a little 
disappointed. I assumed Mayo had made a mistake, and 
tossed it into my odds-and-ends drawer. 

My assumption was too hasty: It turns out that the ex- 
citing stuff is invisible. Nestled within the caverns and 
crevices of this wallboard’s matrix are special materials 
that can store or release heat, depending on a room’s re- 
quirements. These materials are called phase-change ma- 
terials (PCMs), and they melt (store heat) and freeze (give 
up heat) over a narrow temperature range, similar to ice. 
Once inside the wallboard, they could help avoid uncom- 
fortable temperature swings, especially in passive solar 
homes, by storing up excess heat during the day and re- 
leasing it at night when the temperature drops. PCM- 
impregnated wallboard can also reduce energy costs in 
standard homes by improving oil- or gas-furnace efficiency 
and by taking advantage of off-peak electric rates. The 
key benefit of this material is that using it means obtain- 
ing thermal storage without changing standard building 
construction. With an eye toward commercialization, re- 
searchers are testing several families of PCMs and look- 
ing at different ways to get them into wallboard. The main 
hurdle to overcome will be developing affordable materi- 
als with the right melting and freezing points for specific 
climates. 


Avoiding heat buildup 


“The idea for putting phase-change materials in wall- 
board,” says Donald A. Neeper, a researcher with the Ad- 
vanced Engineering Technology group at Los Alamos 
National Laboratory, “goes back ten years or so to passive 
solar building technology.” Heat buildup is common in pas- 
sive solar homes, as is underheating at night. 

Early attempts at heat storage, using tanks filled with 
phase-change materials like salt hydrates, proved ineffec- 
tive because of problems with heat transfer. “When you 
get a significant amount of heat storage in a container 
with a small surface area like a tank, you have trouble 
getting the heat back and forth across the surface of the 
container,” says Neeper. Also, although salt hydrates were 
the most commonly used phase-change materials, they ab- 
sorb moisture on humid days, similar to table salt, and 
become ineffective. Encapsulating solves this problem, but 
it is expensive. High-mass masonry walls can help the 
overheating problem, but they are not practical in many 
homes. The masonry is also expensive, works best when 
directly exposed to the sun, and requires a long charge-up 
time. With PCM wallboard the heat-transfer problem is 
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We: Timothy Mayo, coordinator of passive solar 


reduced because the storage materials are distributed as 
a thin film throughout the surface area of the walls. To- 
day’s distributed PCMs do not absorb moisture and need 
little temperature change to be effective. 


Promising PCMs 


The commercial success of phase-change wallboard de- 
pends on several factors: To keep a home at a comfortable 
temperature, the transition between liquid and solid must 
occur over only a few degrees. The material must not leak 
out of the wallboard, degrade over time, or render the 
surface unpaintable. Finally, it must be easy to get it into 
the wallboard. So far, there are two groups that have come 
close to meeting these criteria. 

Ival O. Salyer, working at the University of Dayton 
(Ohio) Research Institute, thinks crystalline alkyl hydro- 
carbons— more simply, paraffin waxes—are the best ma- 
terials for the job. They are readily available (paraffins 
are byproducts of petroleum refining), relatively inexpen- 
sive, and melt at different temperatures, depending on 
carbon-chain length. Mixing waxes with different melt- 
ing points allows PCM wallboard to be tailored to specific 
climates. “You can literally select the melting point you 
want," says Salyer. 

Salyer has devised two methods for distributing his PCM 
in the wallboard. In one he dips wallboard into a PCM 
bath and the materials are quickly absorbed by the po- 
rous gypsum. In another the melted PCM is absorbed by 
Vs-inch high-density polyethylene pellets until they swell 
to five times their size. These pellets are then mixed di- 
rectly into the wet gypsum batch. “When the capsules are 
that small, there's no problem of heat transfer to the sur- 
face," says Salyer. Unencapsulated PCM can't be added 
directly into the mix, he adds, because it reduces the wall- 
board's strength. One drawback with Salyer's wallboard 
is that it's less resistant to fire. In tests the wallboard 
acts like a wick for the paraffin stored inside. “It burns 
slowly, like a candle," he explains. He adds that this prob- 
lem might be overcome by mixing a fire retardant in with 
the PCM before dipping. 

At Concordia University in Montreal, researchers are 
pursuing fatty acids and fatty-acid esters for phase-change 
wallboard. These materials are derived from vegetables 
and meat byproducts, and are therefore plentiful and re- 
newable. Fatty acids also have melting and freezing points 
that increase with chain length, and can be mixed in var- 
ious ratios to meet different climates. 

Separate studies by Salyer and Marvin Shapiro—for- 
merly at Concordia and now a private consultant—reveal 
that the fatty acids and the paraffins will stay in the wall 
permanently, as long as they comprise less than about 25 
percent of the wallboard’s total weight. This level of PCM 
loading also gives sufficient heat storage; with Shapiro’s 
material there are about 25 to 30 Btu per square foot. 
With no PCM leaking out, the wallboard is non-greasy 
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a (phase) change 


Phase-change paraffin, dyed red here for visi- 
bility, infiltrates gypsum wallboard in a simple 
dipping process, a technique being tried by re- 
searchers at the University of Dayton (Ohio). 
The treated wallboard has increased heat ab- 
sorbing and releasing characteristics. And 
there’s a bonus: It is also waterproof. 


LOS ALAMOS NATIONAL LABORATORY 


Photomicrograph of common gypsum 
wallboard reveals the matrix that holds 
the PCM. Held securely within these 
voids, the PCM does not leach out. 


Another method of creating PCM-in- 
fused wallboard is to first soak poly- 
ethylene pellets in the paraffin mate- 
rial (in beaker) and then mix the pellets 
in with wet gypsum before the board 
is made. Dry wallboard with PCM pel- 
lets throughout is pictured here. 
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Amazing 


By DAWN STOVER 


are more efficient than their predecessors. Double- 
glazed windows with low-emissivity coatings have 
proven their worth [“Superwindows,” March '86]. And gas 
fillers between panes, though still not widely used, re- 
duce heat loss even more effectively than airspaces. Com- 
bined with a good frame, the new coatings and fills can 
dramatically reduce a window's thermal conductivity 
But researchers are working to make windows even more 
efficient. One way: Fill the spaces between glass layers 
with highly insulating materials called aerogels—silica 
gels dried by a process that prevents shrinking and leaves 
behind a material that’s about 95 percent air. Against a 


L ike the buildings they’re installed in, today’s windows 


Taliq Corp.’s Varilite sample changes 
from visible to invisible with the flip 
of a switch. Tiny droplets of liquid 
crystals are sandwiched between elec- 
trodes in a thin plastic film, which 
laminated to the panel. The encapsu 
lated crystals act as a “light valve.” 
With the voltage off (above), the crys- 
tals scatter light. Applying voltage 
aligns the crystals with the electrical 
field, so light passes freely through the 
film (right). The system uses about five 
watts of power per square meter in its 
clear state. This window і 
color. Taliq is adding dyes, but re- 
searchers don't ha colored 

tem that's stable in direct sunlight. 
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Windows made from two slices of glass—with a heat- 
reflective coating on one—are already commonplace. 
But soon window “sandwiches” may contain even 
more cold cutters: transparent insulation between 
panes, and glazings that switch from clear to opaque. 
They'll make windows as energy efficient as walls. 


glazing 


dark background, current aerogel samples can look like a 
dirty windshield (see photo), says Stephen Selkowitz of 
Lawrence Berkeley Laboratory at the University of Cali- 
fornia, one hotbed of aerogel research. But the good news 
is aerogels’ low thermal conductivity. Even today’s best 
windows lose far more heat than would a window with an 
evacuated aerogel spacer (see chart). А ¥2-inch layer of 
aerogel, at a pressure of about 0.1 atmosphere, has an 
insulation value (resistance to heat flow) of about R-10, 
says Selkowitz. That’s about as good as a standard 2x4 
insulated wall. Add solar gain, and such windows easily 
could be a net benefit to your home-energy bottom line. 

Not only is research looking to make windows more 
efficient, it is also aiming to make them controllable. A 
number of laboratories are working on electrochromic glass 
containing a tungsten-oxide film that switches between 
clear and dark blue states ["Smart Windows," Dec. '87]. 
Scientists at Lawrence Berkeley Laboratory are also study- 
ing a nickel-oxide film that turns bronze, which may be a 
more acceptable color. 

One switchable system already in use relies on liquid- 
crystal “shutters” (see photos). At St. Mary's Hospital in 
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Aerogel-filled windows provide lower thermal conductance 
(and thus higher resistance to heat loss) than double-glazed 
windows with low-emissivity coatings. Because aerogel acts 
as a spacer between glass sheets, engineers say it’s easier 
to vacuum-seal a space filled with aerogel than with air. 


DRAWING BY MITCHELL J. ALBALA 


PHOTO BY LAWRENCE BERKELY LABORATORY, UNIVERSITY OF CALIFORNIA 


Rochester, Minn., Varilite windows made by Taliq Corp., 
a subsidiary of Raychem Corp., divide an operating room 
and a surgeons’ dressing room. The windows feature a 
stack of goodies that Taliq president Charles W. McLaughlin 
likens to a cheese sandwich. “It consists of two pieces of 
polyester-film ‘bread,’ with indium-tin-oxide ‘mustard,’” 
explains McLaughlin. “In the center is the Nematic Cur- 
vilinear Aligned Phase [NCAP] emulsion film: liquid- 
crystal droplets suspended in a polymer matrix, like holes 
in Swiss cheese.” Voltage applied to the NCAP film makes 
the liquid crystals, arrayed along the curved inner sur- 
faces of each droplet, line up in rows to transmit light. 
Varilite windows are being designed for conference rooms 
and “clean” rooms in labs and hospitals—areas where 
you wouldn't want dust-collecting blinds. Interior liquid- 
crystal windows might be available to consumers in late 
1989, McLaughlin says. But the wired windows will be 
expensive—in excess of $100 per square foot. For now, Taliq 
isn't selling products for exterior use; they'll be field-tested 
next year. Liquid-crystal windows don't resist heat loss as 
well as low-emissivity glass; but they'd be useful for glare 
control in skylights and sun rooms. us 
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Full of tiny air-trapping pores, highly insulating aerogels 
developed at Lawrence Berkeley Laboratory could be sealed 
between panes of glass. The silica particles in aerogel are 
very small, so the material is 80 to 90% transparent; but at 
its current state of development, it scatters enough visible 
light to appear slightly blue against a dark background. 
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Meet the Wallbots 


Researchers at the Massachusetts Institute of Technology are automating repetitive tasks in 
building construction. Two of their experimental machines work together putting up parti- 
tion-wall framing—with a little human help. A third device helps make concrete floors. 


By STUART F. BROWN 
Photos by Greg Sharko 


even houses regularly roll off fac- 

tory assembly lines. But large 
buildings—apartment houses for ex- 
ample—are just too big and unique 
to be built in a factory. As a result, 
they are dauntingly expensive to 
build. Research teams in Japan and 
the United States are looking for ways 
to reduce building costs by automat- 
ing some of the dangerous tasks. 

I visited one of these research labs, 
the Massachusetts Institute of Tech- 
nology's Center for Systems Automa- 
tion in Cambridge, Mass., where 
some curious machines called Wallbots 


Т: Boeing 747 jetliners, and 


as Trackbot and Studbot, they’re de- 
signed to put up straight sections of 
partition-wall framing in large build- 
ings. (The task of applying drywall is 
left to human workers.) A third ma- 
chine called Studmaster is being de- 
veloped to speed the construction of 
concrete floors in high-rise buildings. 

Alex Slocum, assistant professor of 
civil engineering, identified elements 
of wall and floor building as ripe for 
automation after he spent weeks 
prowling around construction sites 
asking workers what tools would make 
their jobs easier. The outcome is new 
machinery designed to help workers 
to get more done in a day. 

“Our goal is to increase productiv- 
ity. We do that by making use of the 


machines,” Slocum says. “We have the 
machines do things that machines are 
good at: repetitive tasks that require 
high accuracy. Humans are good at 
moving around in an unstructured en- 
vironment, defining a problem, and 
getting a machine set up to do the job. 
We have no artificial additives in our 
machines,” he quips. “They rely only 
on natural [human] intelligence and 
natural vision, because these qualities 
work the best.” 

Despite their names, the MIT ma- 
chines aren't really robots. “A true 
robot is flexible. That is, you can re- 
program it to do something else,” ex- 
plains graduate research assistant 
Laura Demsetz. “Our machines are de- 
signed to do one task, so they don't be- 


are taking shape. Known individually best attributes of both humans and 


come too complex and expensive "Isl 


TRACKBOT (left) is a machine that automatically installs the 
C-shaped channels, or tracks, that locate galvanized-steel 
partition wall studs, a big building’s substitute for 2x4s, (see 
drawing) at the floor and ceiling. In operation Trackbot is 
guided by a rotating-laser device, placed at the end of the 
desired wall location, that projects a stripe of light on the 
floor and ceiling. It’s a laser version of a chalk line. Photo- 
detectors located on board Trackbot allow it to closely fol- 
low the line. The machine carries 10 sections of track (a 
total of 100 ft.) in its storage bin, visible in front of the knees 
of graduate research assistant Laura Demsetz. 

When it reaches a location where a track is to be installed, 
the machine’s vacuum grippers pick up a track section from 
the storage bin, and flip it right side up if necessary. The 
gripper assembly then places the track on the floor. Next, 
two red-colored nail guns (one is seen next to the author's 
hand) are lowered into the channel, where they attach the 
track to the floor with fasteners. A research device, Trackbot 
is only equipped with the hardware necessary for locating 
and fastening floor tracks. The ultimate design calls for a 
second set of grippers and nail guns extending up toward 
the ceiling in a mirror image of the existing mechanisms. 
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STUDMASTER (right) is a machine designed to partially auto- 
mate the construction of concrete floors in steel-framed 
buildings. These floors (drawing) are made from a corrugated- 
steel deck to which steel shear studs are welded. Concrete 
is then poured onto the deck; the shear studs help tie the 
structure together. Studmaster consists of an electric stud- 
welding gun equipped with crawler treads and dispensers 
for studs, and the ring-shaped ceramic ferrules that shield 
and contain the weld puddle. Studmaster assembles studs 
and ferrules and welds the studs in place. Here, graduate 
research assistant Andrew Ziegler restocks the stud maga- 
zine. In use, an operator will use a lawn-mower-like handle 
to push Studmaster to each new welding location. 


DRAWINGS BY ED LIPINSKI 


POURED CONCRETE FLOOR 
CORRUGATED STEEL DECK 


HOES dor - 
STUDBOT (left) is a mechanical compan- 
ion to Trackbot. After Trackbot has 
finished its work attaching tracks to 
the floor and ceiling, Studbot comes 
along and installs the galvanized-steel 
uprights. Studbot can carry 100 studs 
in its storage bin. In use the machine 
rolls alongside the track already in- 
stalled on the floor. When it reaches the 
location where a stud is to be installed, 
a stud-handling arm picks up the top- 
most stud using a pair of vacuum 
grippers. If the stud is upside down 
(as are half the studs in the bundles 
shipped by the manufacturer), the stud- 
handling arm hands it to a flipper arm 
that places it right side up. 

The stud is then passed to the instal- 
lation arm, which swings it upright in- 
side the flanges of the floor and ceiling 
tracks. Once the stud is properly lo- 
cated in the tracks, crimping tools at 
the ends of the installation arm (above) 
pierce through the stud and tracks, 
locking the stud permanently in place 
without using screws or other tradi- 
tional fasteners. A floor plan stored in 
Studbot's computer controller tells the 
machine where the architect's design 
calls for each stud to be located. 
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Smarter house 


While the National Association of Home Builders and the Electronic Indus- 
tries Association plan future home-control systems, you can make your house 
smarter now by using a variety of devices that are already available. 


By WILLIAM J. HAWKINS 


reating a smart house that ev- 
C eryone can live with takes time. 

The National Association of 
Home Builders and the Electronic In- 
dustries Association have spent years 
forming standards—electronic rules 
by which future home appliances will 
communicate with each other—and 
more time will be needed to develop 


have to wait. Your home can become 
smarter with devices available now. 

The complexity of these devices var- 
ies enormously. Many are elaborate 
—and permanent. These control all 
appliances, lights, and security and 
communications systems. Others are 
plug-and-go simple. They let you con- 
trol lights and appliances remotely 


puter via the house wiring. Many re- 
quire X-10-compatible modules at each 
appliance. (The modules use a signal- 
ing method developed by X-10 (USA) 
Inc. Other companies such as Honey- 
well, Leviton, Tandy, and Sears sell 
models that use the same signaling.) 
All add to home intelligence. The pho- 
tos on these pages show a good sam- 


compatible products. But you don't 


Enerlogic's Home Control System ES-1400 works with an 
IBM PC or compatible computer. The system comes with 
software that produces on-screen menus for selecting the on- 
off times for lights, appliances, security systems, heating, 
or air conditioning. You can also program the software to 
think for itself. For example, if you turn on the bedroom 
lights early, the system overrides its normal programming 
and warms up the electric blanket at the same time. Once 
your selections are made, the computer sends all the infor- 
mation to the control box above. The box then follows your 
instructions, controlling X-10-compatible modules via the 
house wiring, and the computer is no longer needed. Price: 
$395. Enerlogic Systems, Box 3743, Nashua, N.H. 03061. 
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from control boxes or a personal com- 


pling of what's available. 


Max talks to you using an electronically synthesized voice 
via intercom speakers located around the house. Made by 
Archinetics, Max's brains consist of a hidden wall-mounted 
computer box. A six-conductor cable attaches Max to all 
intercom speakers, sensors (people, smoke, fire), and 
effectors—circuitry that activates lights, appliances, alarms, 
and heating and air-conditioning systems. Max also con- 
trols up to 64 X-10 compatible modules. You give Max in- 
structions at its video console, which can be located in any 
room. Besides house control and security, Max remembers 
and reminds you of important dates, instantly reports high 
energy use, and answers the phone. From Archinetics, 1750 
N.W. Front Ave., Portland, Ore. 97209. 
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Just touch. Hypertek's HomeBrain 
uses a touch-screen monitor and your 
personal computer to get instructions. 
The system's software lets you create 
specific screens for touch control. For 
instance, touch an “energy screen,” 
and you can put your home into a va- 
cation mode—conserving power, acti- 
vating alarms, and randomly turning 
on lights while you’re away. Once the 
programming is complete, a micropro- 
cessor-based box takes over, freeing 
your computer for other work. The 
HomeBrain controls devices via direct 
wiring or X-10-compatible modules. 
From Hypertek, Inc. (Salem Industrial 
Park, Box 137, Whitehouse, N.J. 08888), 
the basic system is about $5,000. 


Smile when you knock on the door of 
a house equipped with the Home Au- 
tomation System. Designed by Mitsu- 
bishi and CyberLynx for Medama, Inc., 
the home-control system uses up to 
four video cameras for security. For in- 
stance, a front-door caller is seen on 
the home-control monitor (above left), 
and his picture can also be printed for 
future reference (left) or sent by vid- 
eophone (far left) to someone else to 
scrutinize. The system uses wired, wire- 
less, or infrared sensors for burglar de- 
tection, and converts every telephone 
in the house into an intercom. The sys- 
tem is currently being tested in homes 
throughout the country. It will be avail- 
able later this year. From Medama, 
Inc., Box 6007, Cypress, Calif. 90630. 
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Your home’s floor plan is shown on 
the wall-mounted display from Unity. 
Touch a spot with your finger, and the 
display changes to keep up with your 
step-by-step instructions. For example, 
touch the bedroom area, then touch the 
spot for the TV. Result: When you re- 
tire, Johnny Carson will be doing his 
monologue. The price of the Home 
Manager—ranging from $6,000 to 
$12,000—varies with the size and com- 
plexity of the installation, according to 
Unity Systems, 2606 Spring St., Red- 
wood City, Calif. 94063. 


Don’t let its small size fool you. X-10’s Mini Timer 
is a clock, alarm clock, controller, and program- 
mable controller for lights, appliances, and heat- 
ing or air-conditioning systems. Rocker switches 
let you control devices manually (on, off, dim) 
or program them for daily, one-time, or secu- 
rity (random on-off) operation. A built-in bat- 
tery restores the time and programming after a 
power outage. The $30 table-top unit communi- 
cates via your home’s AC wiring using X-10- 
compatible modules (of course). X-10 (USA) Inc., 
185A Le Grand Ave., Northvale, N.J. 07647. 
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The High Amenity Life System—or HALS—from Matsushita 
keeps tab on your home’s monthly electric consumption; 
monitors for smoke, gas, or burglars; and turns every tele- 
phone into an intercom. One-touch buttons perform many 
operations. For instance, a “good morning” button turns off 
night lights and turns on kitchen appliances—you're greeted 
by hot coffee and toast. The system is now available in Japan. 
Matsushita, One Panasonic Way, Secaucus, N.J. 07094. 


Living big ina ~ 


little house, 


By CHERYL M. FIORILLO з 
Research by David Lampe g 


s America grays, affluent older 
А: and people living alone 

present a growing market for 
small but stylish houses. With his own 
retirement in mind, architect Ray- 
mond D. Reed has designed an 836- 
square-foot diamond-shaped beach- 
front house for a potential site north 
of San Francisco. “The concept I’m 
working on is that the amount of space 
we need to live comfortably is smaller 
than existing housing norms,” ex- 
plains Reed. 

You may remember Ray Reed as the 
designer of the “High-Efficiency Solar 
House” featured in the April 1985 is- 
sue. His compact retirement cottage, 
like that house, would be built of fac- 
tory-made polystyrene panels framed 
in steel. Insulation value: R-35 for the 
walls, R-50 for the roof. 

The roof deck is constructed of 2x 4s 
supported by 2х6. Air circulates free- 
ly between the decking and the water- 
proofing below, which can be black as- 
phalt where heat gain is desirable, or 
silver-white asphalt in climates that 
need more cooling. 

Exterior walls are covered with Dry- 
vit, a stuccolike polymer material that is either sprayed 
or troweled on. 

To make the little house seem larger, Reed has nearly 
eliminated interior doors and has added a 12-foot ceiling 
to the main living area. Bedroom and bath are elevated 
three steps above the other rooms, adding to the cottage's 
illusion of spaciousness and offering a sense of privacy. 
The bathroom has the only interior door—a pocket door 
that slides into the wall. 

A central, thermally efficient fireplace enhanced by a 
surrounding skylight becomes the focal point for each room. 
It and the sun are the only heat sources needed in the 
temperate California climate. 

The cottage's optional lower level houses a handsome 
solar greenhouse, garage, and workshop. “Solar heat ab- 
sorbed by the concrete slab of the greenhouse can be used 
to heat the upper level when necessary," Reed says. 

The seaside cottage is adaptable to any location and 
climate. Reed claims it can be constructed for about $50 
per square foot. The cottage is ideal for older couples 
contemplating retirement or younger couples just starting 
out. "The idea is your house should take care of you rath- 
er than you spending all your time taking care of the 
house," explains Reed (Box 9863, College Station, Texas 
71840). 057 
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Introducing the Son 
get out of it depends ‹ 


AV Laser. What you 


1what 


|. The new multi disc 
player that plays laser 
video discs, compact 


discs and CD videos. 


The Sony AV Laser" player 
places a whole new world of sight 
and sound at your family's finger- 
tips, In an all-in-one package that 
plays five kinds of discs. 

On the one hand, Dad can 
witness a blazing shoot-out as 
he enjoys an action movie on 
12-inch laserdisc. 

On the other hand, Mom can 
hear the subtle nuances of every 
note as a classical violinist gives 
a virtuoso performance on CD 

And the kids can watch their 
favorite rock groups in concert in 

full-length stage 

shows on 8-inch 

laserdisc or music 

videos on CDVs. 

Complete with vivid 
pyrotechnics and dazzling light 
effects. 

Or without them, for that mat- 
ter, if they prefer to simply listen 
to the singles on the new CD-3s. 

All in your own living room. All 
without an adapter. All on the 
ultimate home entertainment 
center. The AV Laser MDP-200. 


A video system thats 
truly visionary. 
The AV Laser MDP-200 takes 
the same optical technology 


Queen! available from Sony Video Software Company Inc. All othe! 
©`1988 Sony Corporation of America. Sony, AV Laser, MDP and The One and Only are t 


that made CDs such a hit and 
applies it to both audio and video 
simultaneously with laserdiscs. 
The result is a razor-sharp pic- 
ture with 425 lines of resolution. 
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Colors never looked so rich, 
tones so subtle, definition so 
crisp. 

The built-in 
compact disc player 
completes the picture. 


But the MDP-200 is a feast for 
the ears as well as the eyes. 

Sound this phenomenal is just 
what you'd expect from the 
people who invented CDs in the 
first place. 

With 4x oversampling, 16 bit 
digital filters and dual D/A 
converters, the AV Laser player 
combines superb dynamic range 
with superior stereo imaging for 
astonishingly lifelike sound 
reproduction. 


т discs used by permission. 


jemarks of Sony 


you put into it. 


Performances that 
are immortal in more 
ways than one. 


Of course, with the AV Laser, 
one of the reasons you 
getsomuchoutofit cpVIDEO 
is because of what you put into it. 
Optical discs. 

No matter how many times you 
play a laserdisc, it never loses its 
sharp images and crystal-clear 
sound. Resistant to dust, dirt and 
Scratches. 

That's why with over 2,500 
titles available, so many people 
interested in starting a video 
library are choosing laserdiscs. 
Like CDs, they're the best way to 
immortalize a great performance. 

And the Sony AV Laser is the 
best way to experience one. It 
even features two separate 
motors to drive the various size 
discs, which helps insure that 
you enjoy each one to the fullest, 
time after time. 

The new Sony AV Laser. 

It puts every kind of video and 
audio entertainment imaginable 
within easy reach. 


For additional information, call 
Sony at (201) 930-7669. 


SONY. 


THE ONE AND ONLY. 


Two stepped 


decks 


An unbroken expanse of flat deck can be bland and boring. Here are two different approaches 
to enlivening a deck area with multiple levels. The first deck steps up to a spa; the second 
climbs up from a swimming pool. 


By AL LEES 


1 SPA DECK 


When Susie and Peter Stevenson first 
moved into their seaside home north 
of San Diego they knew that the side 
entry area needed work. Access was 
via a steep asphalt walkway that was 
slippery when wet. At its end rickety 
steps climbed to a cramped deck that 
only termites enjoyed. 

“We also wanted to cover those eye- 
sore utility meters at the lower cor- 
ner,” Susie tells me. “And I wanted to 
add some life by building in planter 
boxes. And if we could include a Ja- 
cuzzi, the kids would be ecstatic.” 

The final design covered all bases: 
Angled platforms turn the corner 


TAP EACH BOARD 
ONTO POINT OF 
CLIP NAILED TO 
SLIDE NEXT CLIP PREVIOUS BOARD 
UNDER FREE EDGE 
BOARD, NAIL CLIP 
TO EDGE AND JOIST — , ———. 


WITH 342" GALV. NAILS 


PRODUCT CREDITS 
Molded resin furniture includes Cormoran chaise, Diago chairs 
and tables: Allibert, 1200 Hwy. 27 S., Box 1200, Stanley 
NC 28164; Lumber: California Redwood Assn., 591 Redwood 
Hwy., Suite 3100, Mill Valley CA 94941; Spa is "Polara": 
Jacuzzi Whirlpool Bath, 100 N. Wiget Lane, Walnut Creek 
CA 94598; Dec-Klips: Philips Manufacturing Co., Ltd., 2306 
Madison Ave., Burnaby, British Columbia, Canada V5C 421 
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much more invitingly than the old 
blacktop ramp. And by hinging simple 
frames of redwood lattice, the meters 
were hidden, yet kept accessible for 
reading. Framing out this entry wall 
also provided concealed storage for pot- 
ting soil, brooms, and spa chemicals. 

A spacious new deck running the 
length of the kitchen/dining-room 
wall adds useful space for entertaining, 
and the steps up to the spa deck create 
a lot of extra seating. 

All construction was knotty garden- 
grade redwood (the Stevensons spec- 
ified Construction Heart and Con- 
struction Common at the lumberyard). 
After building was underway, PoPULAR 
Sctence discovered clever devices called 
Dec-Klips and had a batch of them 
shipped to the Stevensons. “We were 
so pleased with the results,” Susie re- 
ports, “we almost wanted to tear out 
the deck boards we'd already face- 


2x6x22" BLOCKING 


ALL FRAMING 2 x 4 REDWOOD 


nailed so we could start over with the 
Klips.” As shown in the sketch below, 
they're simple devices that solve a 
multitude of problems: They eliminate 
unsightly nail heads (and hammer 
dimples) from the deck surface and au- 
tomatically space the boards for drain- 
age as you go along. Because you nail 
into the side of each plank, there can 
be no nail popping later to snag bare 
feet. And if you ever want to sand 
down the deck for refinishing, you 
won't have to set nail heads below the 
surface to keep them from ripping 
your sanding belt. "The Klips sped up 
our whole project," says Susie. 

Fence construction was kept simple 
as well. Vertical 1x6 planks, with 
each joint covered with one-inch red- 
wood lath for visual interest, were 
topped with lattice panels and a top 
rail. Each post was capped with a bev- 
eled square cut from a redwood 2x6. 


PLYWOOD TOP 


Ya" x2! x5! 3"-SQ. TILE 


3° BUTT HINGE 
SET INTO FRAME 


1x6 REDWOOD 


DRAWINGS BY GERHART RICHTER 
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A flight of landings (bottom right) 
swings around the back corner of the 
house to cover an old blacktop walkway. 
These stairs climb to an upper deck, 
which, at its far end, has two more 


steps up to a fenced alcove for the spa. 
Note in the top photo that the fence 
along the lower deck is topped with 
glass panels that serve as a windbreak 
without obscuring the ocean view. A 


tile-topped buffet counter is attached to 
the house wall (photo and sketch left), 
sized to garage a rolling service cart. 
Other house-wall built-ins include a 
storage bin for potting supplies (above). 
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You enter this impressive pool area 
near Austin, Texas, through a gated 
brick archway tucked under a rustic 
cedar trellis that runs across the back 
of the house. The entire 1,600-square- 
foot area beyond is enclosed by a 


2 POOL DECK 


rambling wooden fence topped with 


Complex pattern of levels creates a bleacher effect at far 
end of pool, with a variety of areas for sunning and seat- 
ing. There’s even a conversation pit—a lower area ringed 
with several levels of benches (at far left, under inset photo). 
Inset shows the reverse view: the rustic trellis along the 
back of the house, above the original brick patio. Note the 
access panel to pool gear in foreground, with finger holes. 
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redwood lattice that serves as a 
windbreak without impeding gentler 
breezes. The lattice is framed by 4x4 
posts and 2x4 rails top and bottom. 
The fence consists of 1x6 redwood 
planks with a redwood 1x2 batten 
over each joint. Built against it are 
benches of various heights; sections of 
the top of the perimeter bench are 
hinged to give access to storage for pil- 
lows and sunning mats. 

Sections of the best sunning deck 
(for early afternoon exposure) are also 
hinged so they can be raised as back 
rests. When not in use, the prop brace 
that holds each four-plank section at 
a comfortable angle is released and 
the sections drop flush with the deck 
surface. 

The enclosed area under the foot of 
the fiberglass slide is a storage com- 
partment for pool chemicals. It also 
houses a poolside phone, with the ad- 
jacent raised trapezoid (in the fore- 
ground of the large photo) providing 
a perch for taking calls with your 
back to the noise of the pool. 

All deck planks are 2x6 redwood. 
Conventional decking over so large an 
area would have looked monotonous, 
so designer Stewart Neely stepped up 
odd-shaped sections and varied the di- 
rection of the planks. The designer 
was also challenged to preserve two 
existing sycamore trees. He located 
the conversation pit beneath one of 
them, taking advantage of its shade. 

The substructure consists of 4x4 
pressure-treated posts flanked by 2x6 
beams and topped by a complex of 
joists and blocking that creates the 
various levels. 

Back near the house, deck planks 
are nailed directly to sleepers laid (24 
inches on center) across the existing 
brick patio. The big trellis is supported 
by 4х6 cedar posts; 2x6 rafters span 
the distance between two 2x6 ledgers 
—one lag-screwed to the house, the 
other fastened to the rear face of the 
2x12 fascia board. There's only one 
center support post, so this fascia has 
only one joint, centered on this post. 

Where raised deck areas meet the 
edge of the pool, the ends of the pro- 
jecting planks are trimmed to the free- 
form shape with a sabre saw, and 
short lengths of 2x6 redwood are set 
in under the trimmed edge. Straight 
edges of these raised sections are faced 
with redwood planks, placed on edge. 

To avoid corrosion that can stain 
the deck, be certain that all fasteners 
are hot-dipped galvanized or stain- 
less steel. Because all levels will see 
barefoot activity, it's a good idea to 
round the top corners of all deck 
planks to minimize splintering. All 
surfaces got a clear finish. us 
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Deck doctors 


Foam says this deck cleaner is working. Once you spray it onto the deck and work it in with a broom, rinse with water. 


Six deck rejuvenators banish gray bet- 
ter than Grecian Formula: Zar Wood 
Brightener, Weather Warrior Wood 
Restorer, Flood Dekswood, Cuprinol 
Revive, Osmose Wood Brite (left fore- 
ground), Wolman Deck Brightener. 
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By TIMOTHY О. BAKKE 
ature is ruthless. An unattended 
house will eventually rot and 


N collapse; a car that is not cared 
for will rust and decay; even elegant 
statuary and magnificent cathedrals 
are etched, worn smooth, and compro- 
mised by the effects of weathering. 
The same holds true for the deck in 
your backyard. Unless you are unusu- 
ally diligent, there will come a time 


when the effects of mold, mildew, and 
ultraviolet radiation will make your 


Your deck takes a beating from sunlight, rain, and snow. Even 
if you’ve protected the pressure-treated-lumber or redwood 
deck with a sealer, it is going to go gray unless it is resealed 
periodically. What then? Here are some spray- and brush-on 
solutions that will bring your deck back to life. 


deck look worse for wear, and your el- 
egant addition will become a weather- 
beaten blemish. 

Until a few years ago there was not 
much you could do to keep your deck 
fresh looking, short of sanding it down 
or drenching it with a chlorine bleach 
or acid solution. Trouble was, sand- 
ing took a tremendous amount of ef- 
fort—and often required resetting 
nailheads. Acids and bleach are toxic 
materials. They also give a deck a 
washed-out look. Enter wood renewers. 

Wood renewers made especially for 


decks started surfacing four or five 
years ago. The first ones were acid- or 
bleach-based, but newer formulas kill 
mold and clean off gray tarnish to re- 
veal fresh-looking wood without using 
acids or chlorine bleach. Of the half- 
dozen wood-renewing products now on 
the market, four are powders that are 
mixed with water; one is a concen- 
trated solution that is diluted before 
use; and one is a liquid that’s used 
full strength. I spoke with several ex- 
perts in the field to find out how and 
why wood weathers, how exactly the 
restorers work, what they are made 
of, what differences there are between 
them, and what you can do to keep 
your deck looking good once you have 
cleaned it. 


Protecting your investment 


“You’ve spent $3,000 to $5,000 on a 
deck,” says Richard Tripodi, vice pres- 
ident of marketing for Darworth Co., 
“and now, three or fours years later, 
it looks weather-beaten and is fast be- 
coming an eyesore. What do you do?” 

That was a major concern homeown- 
ers expressed to Darworth, manufac- 
turer of Cuprinol wood preservatives 
and stains, in a consumer survey taken 
a few years ago. “Nobody, including 
our company, thought too hard about 
maintenance before,” Tripodi says. 
“Everyone was so hung up on new 
deck building that nobody was paying 
attention to what you do, say, three 
years down the road.” 

What precisely happens to wood 
exposed to the elements? According 
to Alan Ross, who holds a Ph.D. in 
organic chemistry and is technical 
director of protection products for 
Koppers Co., manufacturer of Wolman 
Deck Brightener, three things affect 
decks: Dirt settles on, gets ground 
into, and gets spilled on the wood; 
mildew and other organisms grow on 
the wood’s surface, darkening it; and 
ultraviolet radiation breaks down the 
surface cellulose cells, making them 
go gray. Any product that is going to 
rejuvenate weathered wood effective- 
ly must attack these three problem 
areas, 

“Historically, the most common 
substance used to clean wood has been 
a sodium hypochlorite or calcium hy- 
pochlorite material like household 
bleach,” Ross says. “Those materials 
will remove mildew, but they leave be- 
hind degraded cellulose cells and give 
the wood a washed-out appearance. 
Also, they are toxic to plants. 

“Another common material is oxalic 
acid, which is particularly good at dis- 
solving tannin resins. It’s effective on 
redwood, which is notorious for tan- 
nin secretion,” Ross continues. “Oxalic 
acid does not really do anything for 


mildew or dirt. What it does remove 
are dark tannin stains.” 

One of the first of the wood restorers 
was Dekswood, a concentrated liquid 
from The Flood Co. that is based on a 
solution of detergents and 10 percent 
oxalic acid. I tried it on a small area 
of weathered redwood, spraying it on, 
rubbing it in with a stiff brush, then 
rinsing it off. It cleaned the redwood 
well. A newer product, also a liquid, is 
Macklanburg-Duncan’s Weather War- 
rior, a solution based on the chlorine 
bleach sodium hypochlorite and cupric 
hydroxide, an acid. I was not able to 
use Weather Warrior, but some of its 
label warnings include “May discolor 
clothing,” “Avoid contact with plants,” 
and “Wear gloves.” 


The newest wood-rejuvenating prod- 
ucts, the first of which appeared last 
season, are the four powders, Wolman 
Deck Brightener, Cuprinol Revive Deck 
Cleaner, Zar Wood Brightener, and Os- 
mose Wood Brite. They are all based on 
the active ingredient sodium percar- 
bonate. (You'll see other names on the 
labels, like disodium peroxydicarbon- 
ate, percarbonate of soda, and sodium 
carbonate peroxyhydrate. According 
to Ross, they are different chemical 
names for the same substance.) 

“Sodium percarbonate is used in 
some denture cleaners, and is similar 
to what detergent people call non- 
chlorine bleach, or oxygen bleach,” 
Ross says. “It relies on oxygen rather 
than chlorine to do the cleaning, and 
is not as caustic or reactive with col- 
ored materials like fabrics—or wood 
pigment.” 

In fact, the difference between a so- 
dium percarbonate-based cleaner and 
a sodium hypochlorite-based one can 
be likened to the difference between 
an all-fabric bleach and a chlorine 


bleach: One enhances color while the 
other bleaches color out. 

"After the powder is mixed and 
sprayed or mopped onto the deck," 
Ross tells me, “the sodium percarbon- 
ate foams and breaks down into two 
chemicals, hydrogen peroxide and so- 
dium carbonate. The hydrogen perox- 
ide softens and helps remove the upper 
gray cell layers of the wood; sodium 
carbonate, which is perhaps better 
known as soda ash and is found in 
baking powder, baking soda, and soaps, 
acts as a cleaner. After you let the so- 
lution stand on the wood for about 10 
minutes, you go over the deck with a 
stiff-bristle broom, then rinse it off 
with water. The effect is not unlike 
what you'd get if you were to plane 
the wood to get an extremely fine ve- 
neer off its surface." 

Although the powders all contain 
some form of sodium carbonate, there 
are subtle differences among them, 
primarily in some of their cleaning 
agents. For example, John Molski, 
United Gilsonite Laboratories’ techni- 
cal director, told me Zar Wood Bright- 
ener uses sodium metasilicate and 
sodium perborate, along with sodium 
sesquicarbonate, as cleaners. “We did 
about two years of testing, using ex- 
posure panels as well as actual weath- 
ered decks, to come up with the right 
combination of cleaning power and 
safe use.” 


Keeping up appearances 


Now that you've cleaned your deck, 
how do you keep it looking good? 

“Depending on the effect you want,” 
Darworth's Tripodi says, “you can 
use a semi-transparent stain and wood 
preservative or a clear wood sealer. A 
stained finish will give you just about 
any color you want. A solid stain is 
not recommended, however, because 
you won't see much of the wood's grain 
and the finish will wear noticeably in 
high-traffic areas. A semi-transparent 
stain will enhance the grain effect, 
and the finish will probably last for 
two or three years. A clear sealer will 
not last as long as a stained finish. It 
should be reapplied annually. A water- 
based clear sealer is easy to apply: You 
can just spray it on with a garden 
sprayer.” 

No matter what you do, you 
won't completely eliminate the rav- 
ages of time. But with a little care 
and the right equipment, you can 
soften its blow and keep your deck 
beautiful. 05 


Darworth Co., 50 Tower Lane, Avon СТ 06001; The Flood 
Co., Box 399, Hudson OH 44236; Koppers Co., 436 Sev- 
епі Ave., Pittsburgh PA 15219; Macklanburg-Duncan, Box 
25188, Oklahoma City OK 73125-0188; Osmose Wood Prod- 
ucts, Drawer O, Griffin GA 30224; United Gilsonite Labora- 
tories, Box 70, Scranton PA 18501 
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1. WOVEN WOOD 


My “patio” was a small barren slab outside my windswept 
back door. So around two sides of it I erected a woven-wood 
privacy screen that’s also a windbreak (though the slits 
between the slats let through a pleasant breeze and also 
create an attractive shadow pattern). I used the inside patio 
corner of the fence to support a combination potting bench, 
workbench, and fish-cleaning table. 

All lumber is pressure-treated to resist insects and decay, 
and Гуе let it weather naturally. The 4х4 posts are set in 
concrete; three of them will support a corner that’s eight 
feet per side. (My seven-foot-tall fence has withstood 80-mph 
winds.) If you need a longer fence, add center posts. 

Dig holes to below the frost line, or a minimum of two 
feet. Place a few egg-size rocks in the bottom of the hole for 
drainage. Drop in a 4x4, wedging it in place with a few 
rocks and using a level to make sure it’s plumb. Shovel in 
concrete to within six inches of ground level. Repeat for 
each post, making sure they’re aligned and parallel. Let 
the concrete set several days before you backfill the holes. 

Connect posts by nailing 2x4s between them. Nail the 
bottom rail at least an inch above ground level, then use a 
1x6 slat to locate the top rail. Slats should precisely lap 
the two rails. Pre-start all nails, two inches from each end, 
driving them into opposite faces. Snugging the first slat 
against the corner post, drop the bottom of the slat on the 
opposite side of the bottom rail, then drive the two top nails. 
Now drive the two bottom nails from the other side. Re- 
peat with the next slat, but reverse the rail sides. Butt the 
slats and check plumb every three boards. When you reach 
the end post you may need to trim a board lengthwise to 
fill the gap.—Judy Campbell 


2. PIPE POSTS 


The posts for this long-lasting, easy-to-erect property-line 
fence are lengths of plastic sewer pipe. They’ll never rot, 
and their color is built in, so they'll never need painting. 
The 2x4 rails can be redwood or pressure-treated lumber 
stained any color you want. The crowning touch: terminat- 
ing caps glued on the top of each post after the fence is 
assembled. You can buy these caps (and the adhesive) from 
the plumbing supplier who sells you the pipe. 

The only tricky part of the project is cutting the slots 
through which the rails pass. Rail ends butt inside the posts. 
The cutouts must be centered on lines drawn down oppo- 
site sides of each post, 180 degrees apart (except for a cor- 
ner post, where the center lines should be at 90 degrees). 
Stand one rail upright on a sheet of cardboard and trace 
around its butt. Cut on these lines to create the template 
that you then center on each post's vertical lines. Drill a 
half-inch hole inside one corner of the marked outline, in- 
sert the blade of a sabre saw, and cut out the rectangular 
opening. 

If you need an especially solid post (as at a corner), you 
can anchor it in concrete as shown.—Conn J. Nast 
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Suspension system keeps this boat from rocking A 
Computerized hydraulic cylinders on this twin-hull HSCC (hi-stable 
cabin craft) absorb movement and help prevent seasickness. Made 
by Mitsubishi Heavy Industries in Japan, the system could also be 
used for ships’ labs and landing decks. 


Tilting seat A 


A forward-slanting chair that 
moves with the sitter helps re- 
duce back pain, claims the dis- 
tributor of the Ergoform Work- 
seat ($595). The Footform ($45) 
props up feet for added comfort. 
Agree Co., 3311 Crawford, Suite 
A, Houston, Texas 77004. 


One size fits all > 


Touch a button, and the 
convertible Kidult car seat 
unfolds to seat a child pas- 
senger. On the other setting 
it’s adult size. The two-way 
seat won the Best Design 
prize in a biennial idea con- 
test sponsored by Honda. 


Pin programmer A 
Sparetronic, a Swedish-made elec- 
tronic pinsetter, lets bowlers repeat- 
edly practice a tricky shot. A touch 
pad placed beside the ball-return 
unit has illuminated buttons that 
display the selected pin combina- 
tion. DBA Products Co., 22 Skokie 
Hwy., Lake Bluff, Ill. 60044. 


! 4 Tough trekker hauls two tons 


The plywood-reinforced plastic Africar is 
designed to be sold to—and made in 
—developing countries. It has indepen- 
dent suspension, an extra-wide track, and 
high ground clearance for rough roads. 
Africar International Ltd., Caton Rd., Lan- 
caster LA1 3NG, England. 


STOVL model > 


Wind-tunnel tests of this 
supersonic STOVL (Short 
Takeoff, Vertical Land- 
ing) design allow re- 
searchers to visualize 
flow fountains—streams 
of jet exhaust that bounce 
off the ground and back 
into aircraft inlets. Data 
collected will be used to 
develop methods of con- 
trolling the fountains. 


Card lock > 


The programmable Super 


Card Lock doesn’t lock auto- 

Highway haulers A matically when the door is 
Three-axle “Supercube” trailers, used closed, as many hotel locks 

by Ford of Europe to transport auto do, says the distributor. The 

| parts, have more than twice the ca- system uses keys that are vir- 
pacity of standard containers. Highly tually impossible to duplicate, 
maneuverable tugs, in which the the company claims. $129 and 


driver can face either way, load the up. Vanport International, 
trailers onto ships for English Chan- Box 425, Boring, Ore. 97009. 
nel crossings. 


4 Two-way 4WS 


Renault’s experimental four- 
wheel-steering system 
operates in two 
modes: It can 
mimic Honda's 
mechanical sys- 
tem, which takes 
its cues from the 
steering angle, or 
Mazda’s speed-de- 
pendent electron- 
ic system. 
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What’s New 
TOOLS 


Ladder for condos > 


Want a stepladder but don’t have a 
place to store one? The Step-Stik, 
available in 4-, 5-, and 6-ft. heights, 
collapses into a compact package 
when not in use. To set up the Ital- 
ian-made ladder, you unfold the top 
platform, pull out the side 
frames, then spread the 
legs. The steel ladder is 
$49, $59, or $69, depending 
on height. Westway Prod- 
ucts, 31878 Camino Capi- 
strano, San Juan Capi- 
strano, Calif. 92675. 


Reinvented wheelbarrow A 


You can put up to four wheels on this 
wheelbarrow to reduce sinking and roll- 
ing drag on soft ground. Telescoping, 
splayed handles can be adjusted in both 
length and width. The front bumper lets 
you store the barrow on end. M Group, 
3158 Redhill Ave., Suite 270, Costa Mesa, 
Calif. 92626; $50 or less. 


Peg keepers A 


Need to tie errant pegs to your perf- 


Universal charger A 


The charger in AEG’s Accu 2000 System 


board? Try M-Clips, plastic straps 
that straddle a peg and lock into 
flanking holes. Aetech Corp. (Box 
6298, Lawrenceville, N.J. 08648) sells 
10 of them for 69¢. 


Bench-top baby > 
The Zipee Belt Sander, 10 in. tall and only 7 lbs., uses 3⁄4 
by 20% in. industrial belts, available in grits from 50 to 
320. An optional bracket lets you use it horizontally 
too. Sander with four belts is $80 from Zip Inc. (2131 
42nd St. N., Grand Forks, N.D. 58201). 
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can handle all nickel-cadmium batteries 
from 2.4 to 12 volts (some need an adapter). 
New cordless tools in the line: a shear, nib- 
bler, jigsaw, die grinder, and angle sander. 
AEG Power Tool Corp., 3 Shaw’s Cove, 
New London, Conn. 06320. 


Radon Monitoring 


Survivor 2...short and long term protection for your home. 


TA 


SURVIVOR 2 
ВАА 


RADON is the radioactive decay 
product from uranium and radium. 

* According to EPA estimates, 
radon causes between 5,000 
and 20,000 lung-cancer deaths 
ayear. 

* Ofthe more than 15,000 hornes 
tested by the EPA in the last two 
years, about one fifth had levels 
above 4 picocuries per liter. 

* The EPA estimates unsafe levels 
of radon gas are in as many as 
8 million homes in the United 
States. 


With statistics like these, don't you 
want to protect your home from 

the dangers of radon gas? 

Radon is odorless and colorless. 

It varies from season to season. It 
varies from neighborhood to neigh- 
borhood. It can even vary from 
your home to the home next door. 


Why Continuous 
Monitoring? 

Itis estimated that the average 
radon level changes as much as 


60% from season to season, while 
asimple change in the barometric 
pressure can change the level of 
concentration to at least five times 
the average level. 


Now you can have CONTINUOUS 
monitoring of your environment for 
day to day changes in radon levels. 
SURVIVOR 2 will give you a continu- 
ous instant LCD readout of the level 
of radon in the last 12 hour period, 
orthe last 365 days. Long term moni- 
toring of your environment with 
SURVIVOR 2 will give you the aver- 
age level of radon. The typical 
charcoal canister will only give the 
highs and lows from а one or two 
week period. 


Simple to Operate 


SURVIVOR 2, with its micropro- 
cessor controlled features, is simple 
to operate. In the 12 hour mode, 

a bi-color LED gives you a green 
light ifthe average radon level 

is below four picocuries per liter 
(which is the level recommended 
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by the EPA), or it automatically 
changes to red and begins to flash 
when the level is equal to or ex- 
ceeds that EPA recommended 
level of four picocuries. By using 
the MODE switch, SURVIVOR 2 will 
display the average level of radon 
inthe last 12 hours, or it will display 
the average level for the last year. 


Satisfaction Guaranteed 


Try some peace of mind at no risk. If 
you are not completely satisfied, re- 
turn it within 30 days for a complete 
refund. Of course, SURVIVOR 2 is 
backed by a one year limited 
warranty on both parts and labor. 


How to Order 


By Phone: Call us toll free. A 
member of our sales staff will be 
glad to answer any questions and 
take your order. (Please have your 


VISA OR MASTERCARD available 
when you call.) 

Call Toll Free 800-458-4931 
In Ohio Call 513-530-5242 
(Call Collect) 


By Mail: Send your name and com- 
plete address, daytime phone num- 
ber, and how many SURVIVOR 2s 
you wish to order. Please enclose 

a check, money order, or card 
number and expiration date from 
your VISA or MASTERCARD. 


SURVIVOR 2 $295.00 
(Ohio residents add 514% sales tax) 
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Department 698 
7225 Edington Drive 
Cincinnati, Ohio 45249 


SURVIVOR 2 


MADE IN AMERICA 
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Ironing door» 


The Uni-Board Iron- 
ing Center houses a 
full-size board in a 
cabinet that fits in- 
side any door, says 
Uni-Cepts (Box 12683, 
Wichita, Kan. 67277). 
An optional panel 
provides a power 
outlet and iron stor- 
age. Solid oak or 
paintable hardwood 
or veneer finishes: 
$165-$290. 


< Articulated shower head 


The long-armed Universal shower head has a 
20-in. height range and provides a wide pulsat- 
ing water flow. The all-brass fixture is imported 
from Australia and comes in 26 cólors and 
several finishes, from chrometo gold. Gem- 


Composite sink A 


The Sculptura kitchen sink’s color runs | 
entirely through its composite material, | 
so scratches don’t show, says Elkay 

Mfg. Co. (2222 Camden Ct., Oak Brook, 

Ш. 60521). The two bowls, measuring 

18% x 21 x 8in. and 14% x 7 x 6 “isin., have 

polished sides and textured bottoms. The 

sink is pictured with the optional Hot 

Water Machine for instant hot drinks. 

Prices: white, $325; almond, $354. 


123 
| ; «New sash saves cash 


If you want to upgrade your windows and the | 
frames are sound, you can save money by re- | 
placing just the sash with the E-Z Tilt Pac from 
Marvin Windows (8043 24th Ave. S., Minneapo- 

lis, Minn. 55425). Two double-glazed tilting 
sashes, with weatherstripping and hardware, 

come in standard or custom sizes. 


The Roto aluminum at- 
tic ladder slides to ex- 
tend to the floor instead 
of unfolding like con- 
ventional wooden lad- 
ders. It comes in two 
widths: 24% in. to fit 
conventional attic-lad- 
der openings, and 21% 
in. to fit in between 
trusses. Roto Frank 


of America, Box 599, 
Chester, Conn. 06412. 
Prices: $285-$350. A 


ini Distributors, 3710 E. 43rd J 


Place, Tucson, Ariz. 85713. 
Prices: $50-$150. 
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ла? 


ut, seeing is believing. 
Thank you, DeepRock. 


MY FRIENDS THOUGHT | had lost my mind. The 
idea that the children and | could drill a water well by 
ourselves sounded like an impossible dream. However, we 
had to have more water for our large garden and lawn. 


AN EASY WAY 

Then І saw an advertisement that claims that you can 
drill your own well with a Hydra-Drill and save a lot of 
money. | had never even watched a well being drilled, 
much less drilled one myself, so | assumed it would be 
difficult. But they offered a free brochure, so 1 sent for it. 

When the information came, | was delighted to find it 
contained a wealth of material. In addition to pictures and 
descriptions of the equipment, there is a very informative 
booklet about drilling your own water well. 

I was impressed with the information package, but 1 
wondered what we would do if we ran into a problem 
while we were drilling. Then | thought—well, they have a 
free consulting service with a toll-free telephone. Any 
company that is willing to go out on a limb like that, 
knowing they'll get calls from all over must have a lot of 
confidence in their product. So I took a deep breath, 
crossed my fingers, and ordered a Hydra-Drill. 


TWO SURPRISES 

Much to my amazement, the Hydra-Drill arrived from 
the factory in Alabama in just 7 days. That was my first 
surprise. 

My second surprise was the simplicity and ease of 
operating the Hydra-Drill. The kids wanted to operate it, 
but there really wasn’t much for them to do. There isn’t 
any big mess and it’s more like play than work. Best of 
all, we were drilling exactly where I wanted the well. 


SPARKLING, CLEAR WATER 
The biggest thrill came when we hit water. It was such 
an exhilarating experience, | can hardly describe it. We 


Qe 


"They Didn't Think 
The Children And 
I Could Drill A 
Water Well." 


— Mary Hickman 


had drilled down into the earth and found 
sparkling, clear, delicious water! It was such 
fun, the kids are eager to drill some more 
wells. 


It must be contagious; my friends are getting caught up 
in it, too. When we started, they thought it was a pie-in- 
the-sky idea. Now they've got the well-drilling bug and 1 
could sell my Hydra-Drill in a minute. 


IF YOU ASK ME 

To anyone considering drilling a 
Hydra-Drill well, my advice is this: 
Sure its a challenge, but don't be 
afraid. It’s an exciting and satisfying 
experience. If you ask me if | think it’s 
worth doing, I'll say, "Yes, I do. | 
really do!” 


For a FREE Information Pack- 
age, call today TOLL-FREE or 
mail coupon below. Learn how 
over 100,000 water wells have 
been drilled this easy, low-cost 
way since 1962. 

Now! Watch a Hydra-Drill well being 
drilled -- on videotape! Send $5 
(refundable) with coupon. 


FOR FREE INFO PACKAGE 


Call Toll-Free 
| 1-800-DEEPROCK 


(1-800-333-7762) 
(Ask for Operator 7071) 
Outside U.S.A.: Call 1-205-749-3377 


Or Clip Coupon and Mail Today! 
perc 2s] 
IDE 7071 Anderson Road 


Opelika, AL 36803-0001 


cts 


o eepho Send the FREE INFORMATION 
PACKAGE by First Class Mail. 


l 

І 

I 

[ 

O I've also enclosed my *5 refundable і 
payment for the Hydra-Drill videotape. l 
[ 

П 

! 

[ 


Print Name 


Ciy/Siste/Zip 


Phone 21988 DeepRock g 
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BY WILLIAM J. HAWKINS 


What’s New 
ELECTRONICS 


Liquid clock A 


There are no gears. Instead, a fluid reg- 
ulates the pendulum and flows into 
chambers to display time. The 7-ft.-high 
clock is $59,000 from Future Designs, 
611 Broadway, Suite 422-B, New York, 
N.Y. 10012. (Worried about tipping it 
over? Get the 30-ft. model for $325,000.) 


Computer training A 


The Digital Control System connects 
your personal computer to your, 
er... I mean your child's, trains. Re- 
sult: preprogrammed routes, speeds, 
stops, and—maybe—no crashes for 
up to 80 trains on the same track. 
Märklin, Inc., 16988 W. Victor Rd., 
New Berlin, Wis. 53151; the starter 
set is $965. 


All-in-one optical player A 


It's a complete audio-video playback system. 

«Passport passer Sony’s MDP-200 multi-disc player accepts all 
The scanner reads optical- five optical-disc formats: 3- and 5-in. CD; 5-in. 
ly printed characters on fu- CDVideo; 8- and 12-in. laser video. Price: $950. 


ture passports from all 
European Economic Com- 
munity countries. Verifica- 
tion of the data is made by 
computer, speeding immi- 
gration formalities at air- 
ports. The system is from 
Software Sciences Ltd., 
Farnborough, Hampshire 
GU14 7NB, England. 


Anything-but-silent alarm» 


Not sure how to use the Dicon 9000 wireless 
home alarm system? No problem. The unit 
uses its digital voice to speak, giving you in- 
structions, status reports, and fire or intru- 
sion warnings. It’s $494. Dicon Systems, 631 
Executive Dr., Willowbrook, Ill. 60521. 
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““We’re so po: 
for 


e that these patterns and designs will open up a new world of woodwor! 
u that we'll send you a free g 


“312 WOODWORKING SCROLL 


st for trying them.” 


SAW PATTERNS” 


Designs that Open Up the World of Woodworking 


(By Gene Keith) 


I'm no dummy. But, I can't cut > Dressup your Christmas tree with omament > Make a great educational puzzle by cut- 


things out of wood without a pattern. If 
you're a woodworker, like me, you've 
spent many weekends walking around 
craft fairs, looking for new ideas. But, 
then I found a treasure . . . 

I picked up a new, 261-page book, 
“Encyclopedia of 312 Scroll Saw 
Woodworking Patterns." The pattern 
lay-outs and directions were so simple, 
that I completed a project within an 
hour. My excitement grew and... 

When I finished the piece, I com- 
pared it to the drawing to make sure that 
it was exactly right. It was perfect. 
Later, I looked through the whole 
encyclopedia and had a pleasant sur- 
prise... 

LOOK AT WHAT YOU WILL 
FIND IN THIS NEW BOOK 
P Diagrams and sizing instructions 
showing each of 312 patterns and 
designs. 
P How to enlarge and reduce scroll saw 
patterns. 
P Many popular designs found at fairs. 
p Decorate your refrigerator with these 


great magnets. 


patterns complete in this book. 

> Alphabets and numerals let you make signs, 
address plaques and more. 

P Hang one of these blackboards beside the 
phone to write your special messages on. 

P Sconces to decorate a wall. 

P Make this paper towel holder quick. 

> These key and jewelry holders you can makel 
will help keep you organized. 

Ь So many fun to make patterns like Heart| 
Candle Holder or Welcome Melon. | 

P Make a street scene. 

P Don't burn your fingers! Pull out your ovenl 
racks with this handy Oven Rack Tool. | 

P Goose lovers will enjoy Goose Towel 
Holder, Gaggle of Geese Plaque and many 
more lovely goose patterns. 

> Great children's games and toys. | 

Ь Make your own customized shelves. | 

Give someone special these Hanging | 
Hearts. 

P Many original designs for popular айс! 
like pigs, ducks, bears, chickens, hearts, 
tulips, half moons, stars, cactus, windmills,| 
mushrooms, sheep, apples, butterflies, mel- 
ons, clovers, vegetables, penguins, states, 
Amish figures, musical instruments, pan 
das, pineapples, cows, doves, and buzz but-| 
tons. | 

P Music lovers will enjoy these great musical, 


Г IT’S EASY TO ORDER 


| Woodworking Patterns” right away. 


| with your order. 


cutouts. 


ting out the United States. 

> Plus hundreds of great ideas and helpful 
hints for wood enthusiasts. 

> Easy patterns for beginners and more dif- 
ficult patterns for experts. 


Just return this notice with your 
name and address and a check for $5.99 
plus $2.00 shipping and handling to our 
address: FC&A, Dept. ZPS-8, 103 
Clover Green, Peachtree City, GA 
30269. We will send you a copy of 
“Encyclopedia of 312 Scroll Saw 


Save! Return this notice with 
$11.98 + $2.00 for two books. (No 
extra shipping and handling charges.) 

You get a no-time-limit guarantee 
of satisfaction or your money back. 

Cut out and return this notice 
Copies not ac- 
cepted. 

IMPORTANT - FREE GIFT 

OFFER EXPIRES 

AUGUST 30, 1988 

All orders mailed by Aug. 30, 1988 
will receive a free gift. Order right 
away! ©ЕС&А 1988 


Spray wax > 


Packaged in a “сап- 
within-a-can” system 
so the product does 
not mix with the aero- 
sol propellant, Armor 
All’s spray paste wax 
is said to contain fine 
abrasives to prevent 
scratching clear-coat 
finishes. As the nozzle 
is pressed, the flexible 
tube containing the 
wax (inset) is com- 
pressed by pressur- 
ized refrigerant, dis- 
pensing the tooth- 
pastelike wax. $5. 


«(Better blaster 


For removing rust from 
small areas, East- 
wood’s Spot Blaster 
features a rubber collar 
that is claimed to con- 
centrate the abrasive 
spray in a half-dollar- 
size area. The $60 sand- 
blaster requires a 1-hp 
compressor and recy- 
cles up to 98% of the 
sand. The Eastwood Co., 
580 Lancaster Ave., Mal- 
vern, Pa. 19355. 


Auto security boot > 


Pickup protection A 


Good looks and rust pro- 
tection for your pickup 
truck are available with 
Duraliner, says Durakon 
Industries, (2102 N. La- 
peer Rd., Lapeer, Mich. 
48446). The package in- 
cludes a heavy plastic bed 
liner, a tailgate protector, 
and hardware to install it 
all without drilling holes 
in the truck's bed. Price 
range: $310—$370. 


Wheel clamps are used by police 

to keep a scofflaw's car in place. 

This similar wheel clamp secures 

your car anywhere. The heavy steel 

clamp fits easily over the wheel and will make a car thief 
think twice. Linwood Electronic, Hampstead Industrial 
Estate, Hampstead, Birmingham B32 1DU, England. 


Magnetic pouch makes for handy tools» 


Tools, small parts, and hardware can now always be within 
arm's reach with Snag-It. The $20 vinyl pouch holds up to 
10 Ibs. and has ceramic-coated magnets to keep it firmly in 
place without scratching a painted surface, says Snag-It 
Tool Co. (8220 La Mirada N.E., Albuquerque, N.M. 87109). 
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Why Are We Offering Our Nationally Advertised 


=. 


* Sharpens vision 


* Increases 
visibility in aerial 


* Shatter-resistant haze and mist 


* Blocks-out the blue light suspected by many 
optical scientists to endanger the human eye 


* Provides valuable protection against daytime 
blue light exposure and, by doing so, 
promotes keener night driving vision 


* Lightweight construction for maximum comfort 


A near-miracle in optical filtration technology actually makes you 
see objects sharper, clearer and more distinctly than ever before. 
Cuts through aerial haze, fog and mist. Blocks out harmful blue 
and ultra-violet light rays to give your eyes needed protection and 
enhanced vision. 


Now, as part of a continuous nationwide publicity campaign, 
RBM Ltd., a multi-million dollar distributor of sporting equipment 
offers its nationally advertised GFX DIMENSION-4™ AMBER 
OPTICS—for only $5 to every person who writes to the company 
address (below) before October 31, 1988. 


These are the same sports optics currently being nationally 
advertised by us in leading media throughout America. GFX 
DIMENSION-4 AMBER OPTICS are as different from ordinary 
sunglasses as a Concorde Super-Jet is from a World War I Curtiss 
“Jenny”! Exciting scientific optical technology permits you to see 
and distinguish objects more clearly, sharply and distinctly than 
ever before—even through fog, haze and mist. This same startling 
development also gives your eyes needed protection from 
potentially harmful sun rays. 


We've named these remarkably different sports optics 
DIMENSION-4 AMBER OPTICS because they seem to extend 
vision within the accepted three dimensions of height, width and 
depth—increasing perception and perspective. While ultra-violet 
rays are long known to be hazardous to eyes, optical scientists 
today have become increasingly concerned about effects of “blue 
light” rays. DIMENSION-4 AMBER OPTICS’ UV/blue ray 
filtration blocks out BOTH types of potentially harmful rays. 
(Incidentally, many conventional “sunglasses” expose the eyes to 
more of these dangerous rays by forcing the pupils to open wider to 
overcome reduced light transmission.) 


MAKES YOU SEE CLEARER, SHARPER, MORE DISTINCTLY 


Blue light has been likened to radio-TV sound interference and has 
been referred to as visual “noise”. Particles of dust and moisture in 


GFX DIMENSION 
AMBER OPTICS 


* Cuts Glare 


* Advanced fashion design 


4" 


For Only 55 


* Gradient tinting gives additional protection 
against strong overhead light 


* Extends vision within the accepted dimen- 
sions of height, width, depth 


* "Clip-On" style for eyeglass wearers also 
available 

* Filters-out hazardous 

ultra-violet rays 


* Enhances 
visibility of 
distant objects $ 


* Ideal for men or women; 
One size fits all 


* Fabricated of non-vitreous lens 
material 


the atmosphere diffuse this blue light, interfering with the eye's 
ability to perceive objects clearly, especially at distances. 


In much the same way as an electronic filter blocks out unwanted 
interference that distorts and blurs voices and music (and shows up 
as “snow” on TV screens) DIMENSION-4 AMBER OPTICS 
block out this visual “noise”. So, the green and red portions of the 
light spectrum focus clearer and sharper on the eye’s retina. Your 
visual perception and perspective increase. Distant objects 
previously unnoticed come into view. Everything appears more 
distinctly clear and better defined. 


Drivers see road signs, hazards more clearly in haze, fog and mist. 
Tennis players see balls in bright sun or night play more sharply 
defined. Skiers, on cloudy days, can better judge moguls, steepness 
of downhill runs. Golfers can more accurately determine distance 
to the pin, “lies” of greens. Boaters can sight other craft, buoys 
easier in overcast weather. 


DIMENSION-4 AMBER OPTICS will not be sold at this or any 
price by the company in any store. There is a limit of two (2) pair 
per address, but if you order early enough (beforeOct. 25) you 
may request up to five pair. Each pair is covered by the company’s 
full one-year money-back guarantee. 


To order: Mail your name and address (on a sheet of paper) 
and $5 for each pair of DIMENSION-4 AMBER OPTICS. 
Add only $2 shipping regardless of the size of your order. 
(New York residents add sales tax.) Allow up to 6-8 weeks for 
shipment. IMPORTANT: specify regular style (Item R54260) 
or “clip-on” style for eyeglass wearers (Item R54262). One 
size fits all. Make check payable to RBM Lid. Mail to: RBM, 
DIMENSION-4, Dept. 191-114, Box 1784, Hicksville, 
N.Y. 11855. (R54271) 


©1988 RBM Lid., 1200 Shames Drive, Westbury, NY 11590 


TCAS: Can it stop midair collisions? (Continued from page 40) wmm 


“Based on the range, bearing, and 
altitude data the system gets from 
the intruder's transponder,” explains 
David Lubkowski, leader of Mitre's 
airborne systems group, "the logic 
predicts whether or not the intruder 
will come into close proximity within 
twenty-five seconds or so. If it finds 
that the relative position at that later 
time will be too close, it picks the best 
maneuver to give an acceptable clear- 
ing distance. 

"Because the transponder is interro- 
gated once a second," Lubkowski adds, 
"the logic updates its predictions at 
the same rate. The system can give 
two kinds of advisories—corrective 
warnings that require action, such as 
‘Climb’ or ‘Descend,’ and preventive 
ones that don’t require action, such as 
"Don't descend,’ if you're already in 
level flight.” 

During Mitre’s and Lincoln Labs’ 
theoretical development work, a final 
element fell into place that made it 
all possible: lightweight and power- 
ful microprocessors. Now a collision- 
avoidance system became feasible that 
would monitor and interrogate beacon 
transponders like the ground-based 
ATC system, do all of the necessary 
tracking and avoidance functions, and 
still be lightweight enough to fly in 
an airplane. TCAS was born. 


TCAS at long last? 


As TCAS II reaches maturity and 
airliner installation nears, some ex- 
perts say that it isn’t good enough. 
They think that we need the next ver- 
sion: TCAS III. Says John O’Brien, 
director of the engineering and air- 
safety department of the Air Line Pi- 
lots Association, “The directional an- 
tenna on the minimum-standard TCAS 
II is not as accurate as ТСАЅ Ш, so 
TCAS II has a larger bearing error. 
This means that TCAS II must sound 
its warnings earlier, because it often 
cannot tell whether an approaching 
aircraft will pass too close.” The re- 
sult, he says, is that TCAS II will give 
too many alarms. If it had better infor- 
mation—as TCAS III will—it would 
wait a little longer. And in that time, 
O’Brien says, many situations would 
resolve themselves, and alarms would 
be unnecessary. TCAS II, he says, will 
therefore give too many false alarms— 
something pilots don't like. And there's 
another problem. “Because TCAS II 
is limited to vertical escape adviso- 
ries,” O’Brien says, “its usefulness is 
limited. Sometimes a horizontal move 
is the only one that will get you out 
of trouble.” 

ALPA also worries that the cost of 
TCAS II will make airline executives 
reluctant to spend the extra money to 
upgrade to the preferred TCAS III. 
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What's the price tag? “Depending on 
sophistication,” says Wilson of Ben- 
dix, “a TCAS II shipset can cost from 
$100,000 to $150,000.” Adding instal- 
lation costs, he notes, could boost the 
total cost to $200,000 per airliner. 
With several thousand airliners—US. 
and foreign—needing to be retrofitted, 
the cost of the TCAS II program could 
reach well over a billion dollars. Air- 
line executives have pointed to this 
large expense with alarm. “This is a 
very large market,” Wilson allows. 

But while ALPA is clearly unhappy 
with the two-stage plan—TCAS II and 
then at some later point TCAS III— 
other aviation specialists champion 
the current approach. They feel that 
FAA certification efforts—the current 
stage of TCAS II development—must 
be completed before TCAS III can be 
addressed. They also maintain that, 
despite promising early results, TCAS 
Ш is far from ready. 

Whatever the disagreement on TCAS 
implementation issues, all agree on 
one thing: TCAS— no matter the flavor 
—will be an improvement, but not a 
total preventive against midair colli- 
sions. The reason: It's all based on 
the ATC transponder. And not all air- 
craft have them. “Right now,” says Joe 
Fee, the FAA's TCAS program man- 
ager, “about sixty-two percent of the 
aircraft likely to come near a TCAS 
Il-equipped airplane already carry 
altitude-reporting beacon transpon- 
ders.” The FAA, he adds, recently pro- 
posed a rule aimed at smaller general 
aviation aircraft that will effectively 
push that percentage up into the 90s. 
“When the program is complete, we 
estimate that there will be a one hun- 
dred to one reduction in near midair 
collision incidents.” 

I ponder these questions while still 
airborne following the demonstration 
of TCAS III over Atlantic City, NJ. 
John Ryan heads the 727 toward home 
base—the nearby FAA Technical Cen- 
ter in Pomona, N.J. He turns in his 
seat once more, this time with a seri- 
ous look on his face. “You can see that 
encounters happen quickly,” he notes. 
“If we hadn't known that an intruder 
was coming, we couldn't have done 
much about it.” 

As the flight crew chats, it’s obvi- 
ous from their comments that for them 
-TCAS’s most significant feature is the 
traffic display. In addition to listen- 
ing in on the ATC radio “party line” 
to form a mental picture of the traffic 
situation as airline pilots do now, they 
have a visual display of what’s around 
them. The result is greatly improved 
traffic awareness. “It’s like having 
an extra eye on board—one with en- 
hanced vision, to boot,” copilot Jesse 
Terry tells me. “We know it’s no cure- 


all, but it is another assist to keep 
yourself clean,” he notes. 

“After flying with it awhile,” flight 
engineer DeStefano says, “you get to 
feel kind of naked without it. When 
you want to find out your situation, 
the first thing you do is check out the 
TCAS screen.” 

The paying passengers may learn 
to love TCAS as well. Says Terry, “I 
can foresee conditions in which you're 
lining up for an approach and the con- 
troller would say, ‘Follow that airplane 
to the airport.’ Then you'd space your- 
self in a line of traffic using TCAS. 
And instead of asking the ground con- 
troller what number you are in an 
approach queue, you could see what 
number you are on the screen." 

This type of application could make 
it possible, the crew says, to safely in- 
crease air-traffic capacity by closing 
up the plane-to-plane spacing on, for 
example, ocean tracks over the Atlan- 
tic and Pacific. It might be applied to 
other routes as well. Most flight de- 
lays, they tell me, arise from restric- 
tions due to air-traffic volume, not lack 
of airport docking facilities. 


Target of opportunity 


Amid the discussion, a familiar voice 
cuts in: "Traffic. Traffic" As one, the 
four of us turn to the TCAS screen 
and scrutinize its symbols. “TCAS says 
that we have an intruder three miles 
off the port side," Terry drawls. Eight 
eyes shift to the scene outside the 
windshield, straining with the effort 
to make out the unidentified aircraft. 
A couple of seconds pass. "There she 
is!” DeStefano calls out, pointing down- 
ward to the left. As he has done all 
afternoon, the flight engineer sees the 
target first. *F-106 at eight o'clock," 
he reports. 

"A target of opportunity!" Ryan ex- 
claims, pleased to see TCAS deal with 
an unplanned aerial encounter. I look 
leftward to catch a delta-shaped blur 
cruising off to port in a wide sweep. 
"Advisory clear," reports the mechan- 
ical voice. 

It's an F-106 Delta Dart fighter 
from the nearby New Jersey Air Na- 
tional Guard base, Ryan explains. 
The fighter, which is controlled on a 
military rather than civilian commu- 
nications band, is on visual flight sep- 
aration rules in these crystal-clear 
Skies, he tells me. The flight crew al- 
lows that the fighter jockey might have 
been trying to provide us with an un- 
expected target to ^warn" on, know- 
ing we are TCAS equipped. Still, it 
was just a trifle alarming. 

Ryan looks my way once more and 
says, "As I said before, all it takes is 
one unplanned encounter to make you 
a believer" I guess I believe too. 1 


Three 
wiring tips 


HCONNECTING OUTLET BOXES. 
Wire boxes through the ends, not the 
sides, to give yourself more room to 
make the connections. —Richard Day 
HHOW MUCH TO STRIP. When strip- 
ping wires use the electrician's rule of 
thumb and remove a thumbnail length 
of insulation. This creates the %-in.-long 
bare end needed for splices.—R. D. 
BINVISIBLE LAMP CORD. Cords dan- 
gling from a picture light are ugly. Drill 
а 1'%-іп. hole through the wall behind 
the picture. Another hole, just below a 
sideboard's top, lets you drop the cord 
through the wall, pull it out a lower 
hole, and insert a line switch that will 
be out of sight when the cabinet is 
pushed back against the baseboard. 
— Patrick J. Galvin 


USE END KNOCKOUT 


1 

1 
[+ 
A 
TUCK LINE SWITCH | FISH WIRE 


BELOW TOP OF BUFFET [DOWN THROUGH 
| HOLLOW WALL 


‘DRAWINGS BY ADOLPH BROTMAN 


TWISISSHOUIT. 


You use it because you care about 
your car's performance. You trust it 
to protect your engine through 
the toughest heat and cold. You 
depend on it to guard against 
wear, and clean as it lubricates. 

You expect quality like this from 
Phillips 66 TropArtic all-season 
motor oil. 

Now let TropArtic exceed even 
your wildest expectations with the 
all-new "Twist and Win" game! 
Look for specially marked classic 
gold bottles wherever you buy motor 
oil or at your local Phillips 66 
retailer. 

Limited offer! Send for $3.60 
back on a 12-quart case of 
TropArtic. Rebate ends 
November 30, 1988. 
Long live 
your car.“ 


PHILLIPS 


аагар 


LEGES з = 3 $ 
No purchase necessary: Rules available ar participating retailers. Void where prohibited. €MCMLXXXVII Phillips 66 Company 
AUGUST 1988 | 81 


Smart House (continued [rom page ЧИ шшш eu e нинин сизи: СЕ шашына 


eral overly optimistic schedules for 
completion. 

At the 1984 seminar where Mac- 
Fadyen introduced the Smart House 
concept, he predicted that the first 
Smart Houses—5,000 of them—would 
be ready for sale by 1987. When that 
year arrived nothing much beyond the 
bread-boarded vans had materialized. 
Pundits have a name for hardware 
and software that never progress be- 
yond promise or prototype: They call 
it *vaporware." 

“Perhaps we went public too early,” 
admits Keith Phillips, a recent recruit 
to the Smart House organization. Last 
year, though, things started rolling. 

* The National Electrical Code was 
amended to allow Smart-House-type 
wiring. 

* Smart House Limited Partnership 
completed a $10 million capitalization 
plan by selling limited partnerships, 
mostly to large home builders. 

* The first laboratory Smart House, 
co-sponsored by the Gas Research In- 
stitute (GRD, the NAHB National 
Research Center, and Smart House 
Limited Partnership, was built in a 
new 51-acre National Research Home 
Park in Bowie, Md., next-door to com- 
pany headquarters. Partly a test house 
for Smart House systems, it will also 
host industry testing of new gas tech- 
nologies. Chief among them: semi- 
rigid gas piping, a pet project that GRI 
is piggybacking onto Smart House be- 
cause both need the approval of code 
bodies. With easier-to-install piping, 
GRI foresees quick-connect gas outlets 
throughout the house. 


Tiger Team 


Also in 1987, the Tiger Team—10 
to 20 engineers from Smart House, 
Amp, AT&T, Brintic, Honeywell, and 
Square D—met at Honeywell in Min- 
nesota to set the initial design param- 
eters for the technology. Gutenson was 
responsible for making sure the team 
ran smoothly. “Our job, simply put, is 
to think about all the hard questions 
and get the right answers so that 
when we introduce a product it will 
be the inevitable product,” he summa- 
rized: when I visited the Honeywell 
lab. 

Smart House technology must do all 
the wizardry it’s supposed to do while 
satisfying the needs of competing 
manufacturers and of both the elec- 
tric and gas industries. And it must 
be buildable, affordable, and reliable. 
The latter is a big concern, market 
research has shown. “If you ask folks, 
‘How could this thing crash and burn,’ 
you hear about reliability,” Phillips 
reported. “ ‘Now my furnace can go 
kablooey, or my TV can go kablooey. 
You're telling me my house can go 
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kablooey? No thanks,’” he mimed. 

To enhance reliability the design 
team chose to avoid centralized con- 
trol. “We don’t have a single computer 
sitting there running the house. There 
are a number of area controllers, each 
handling a different branch. So if one 
has a problem, you don't lose the whole 
house," Gutenson explained. 


Fiber phobia 


Another decision the team had to 
make was whether the wiring cable 
should include fiber optics. “Just about 
all of us would have liked to use fiber," 
Gutenson said. Phil Zumsteg, a Hon- 
eywell engineer lent to the Tiger Team 
(and the strongest advocate of fiber), 
ticked off the pros: “Fiber has tre- 
mendous bandwidth—information- 
carrying capacity. That would mean 
a significant reduction in the wiring. 
Fiber is not subject to electromagnetic 
interference for the most part; a sig- 
nal you put in on one end is not likely 
to be changed much when it comes out 
the other. And by adding a different 
frequency of light, I can double the 
capacity, literally for free." 

Nevertheless, Zumsteg lost that 
round. “One problem is the cost of ter- 
mination," Gutenson explained. Every- 
where you want to connect a device 
to the optical fiber you need an opti- 
cal transducer. They are expensive; 
connecting them is expensive; and 
you'd need a lot of them (the team es- 
timates 256) in an average house. 

Another consideration was installa- 
tion. "No one knows what kind of 
problems you'd run into installing 
fiber in a house," Gutenson said. 
“You'd get these two-hundred-pound 
contractors yanking on the end, run- 
ning the fiber around sharp corners 
—what would it do to the quality of 
the transmission path?" They couldn't. 
predict. 

So the Tiger Team settled on coax- 
ial cable for distributing audio, video, 
and high-speed data. "The coax has 
abundant bandwidth for all the things 
we can imagine doing," Gutenson said. 

Once they gave up fiber optics (at 
least for now), they had to determine 
whether the coax could be part of the 
wiring cable. "We're determined to in- 
tegrate it," Gutenson said. “But there 
may be problems: That would bring 
the radio-frequency signals close to the 
data-communications network, and 
we're concerned that there will be 
cross talk between the two." Prelimi- 
nary tests give them cause for opti- 
mism, but a much more thorough eval- 
uation is about to be launched. If those 
tests indicate potential problems, the 
designers will try to find better ways 
to shield the coax. 

When you have all kinds of devices 


(*nodes," as the engineers call them) 
Sharing a common conductor you have 
to determine the protocol, or electronic 
rules, by which each gets its signal on 
and off the bus. The Tiger Team con- 
sidered several approaches for the con- 
trol communications network, which 
is to run on twisted-pair wires. 

One is a contention protocol. “It’s 
like a human conversation," Gutenson 
said. "Any node just decides for itself 
when to start talking. They're all con- 
tending for the same bus and they can 
conflict, just as you and I might start 
to say something at the same time. 
With humans you kind of look at each 
other and decide who will talk. With 
a contention protocol you have to em- 
ulate that electronically" 

The advantage: The bus is only used 
when a signal is sent. “So you get 
an efficient use of the bandwidth," 
Gutenson explained. A disadvantage: 
Chips that can electronically referee 
debates are fairly complex—and ex- 
pensive. And everything attached to 
the bus would need one. So the con- 
tention protocol was overruled. 


Wait your turn 


"The protocol we selected for the 
communications bus is one of the old- 
est protocols available: fixed, time- 
slotted, time-division multiplexing," 
said Gutenson. “You allocate all of the 
nodes on a bus an equal amount of 
time. The controller sends out a syn- 
chronizing signal so that they all start 
at once. Each node has a number, and 
each must wait his turn. If number 
six on the bus has a message, he has 
to wait (though microseconds only) for 
slot six to come along. The controller 
knows the message came from num- 
ber six because it's in that slot." 

The advantage: It's an inexpensive 
technology. "And it does exactly what 
we want to do," Gutenson emphasized. 
A possible problem: Time-slotted mul- 
tiplexing is an inefficient way to use 
the bus. “Even if a node has nothing 
to say, he still gets a slot. That means 
the communications network is always 
running like crazy. And to service all 
the nodes on a branch you need a high 
data rate." The higher the data rate, 
the more likely you are to have noise 
problems—electromagnetic interfer- 
ence. "So we were afraid the com- 
munications network might cause 
interference on your AM radio," 
Gutenson explained. 

With the testing they have done so 
far, they're pretty sure time-slotted 
time-division multiplexing will be a 
workable protocol for the control com- 
munications network. “We've identified 
some problems," Gutenson noted. 
"But for every one we've found so far, 

Continued 


“Experience increased performance, 
improved gas mileage, and extended 
engine life with Duration Permanent 


Engine Protection. 


You've got my word on it.” 


— Mario Andretti 


“The reason engines wear down and require 
costly repairs can be summed up in one word: 
friction, 

“Once an engine's internal surfaces are 
scored by dirty, gritty oil, your engine loses 
power, guzzles more gas, and may eventually 
require a major overhaul in order to run at all. 

“Now you can avoid a nightmare like this 
with Duration Permanent Engine Protection, 


А micro-thin layer 
of permanent protection 
"Duration fuses a micro-thin layer of protective 
lubricant to your engine's internal surfaces. 
"This layer fills and smoothes imperfections 
on these surfaces, reducing damaging friction 
to incredibly low levels. Even in older cars. 


Duration-treated car 
drives 50 miles without oil 
"Just how much does Duration reduce friction? 
Well, 1 personally drove a Duration-treated car 
50 miles with no oil in the engine. . .and no 
problems! 

“Naturally, I don't recommend that you 
drain the oil from your car and go for a joyride. 
But that's the kind of protection Duration gives 
you against friction. 


One-time treatment 

bonds permanently 
“For permanent Duration protection, just use 
one quart of Duration in place of one quart of 
motor oil on your next oil change. Over the 
next 3000 miles, Duration will lock a permanent 
shield onto your engine's most vulnerable 
internal mechanisms. 


Your engine will last longer 


“By reducing friction, heat, and wear, Duration 
can extend the life of your engine. The engine 
will operate more efficiently and at lower tem- 
peratures. What's more, Duration works equally 
well on all gasoline, diesel, butane and propane 
engines. 


Increased mileage 
“Because an engine treated with Duration runs 
more efficiently, it gets better gas mileage, 
usually from 2-5 miles per gallon. So if, for 
example, you drive 15,000 miles per year in a 


car that now gets 20 miles per gallon, Duration 
could save you about $150 per year in fuel costs 
alone, at present gas prices. 


Increased power 
“Since it reduces friction and heat in your 
engine, Duration also unleashes more horse- 
power. Many Duration users report dramatic 
increases in power, with no other engine 
modifications. You will notice the difference. 


Proven in independent tests 
“Everything I've just told you about Duration 
has been proven in tests at universities and 
independent research firms around the country. 

“So stop putting up with an engine that's 
wearing down. For more information about 
Duration, or to place your order, call toll-free, 
1-800-252-LUBE. Or mail in the coupon.” 
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kits of Duration Permanent Engine Protection, 


Please send me 


Mario Andretti — 


at $49.95 each, plus $4.00 postage and handling per kit. 


[Г] Please charge my Visa or MasterCard account: 


Г] Enclosed is a check or money order, payable to Victory Marketing, in the amount of $. 


Formula One 
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PO. Box 751017 
Memphis, TN 38175 
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Dealer inquiries invited sic _| 


Rekindle A Love Affair! 


We've made an easy- 
to-assemble way to 
turn back the clock - to 
a time when the auto 
was more than trans- 
portation - it was beau- 
ty in motion! Imagine 
the pride when you're 
able to say... "And I 
Available in front or built it myself!” 
rear engine drive. 


Look for our displays in over 50 major airports. 


1-800-328-5671 


In Minnesota call (612) 546-7336 


1987, Fiberfab International 


16H8 
І E^ FIBERFAB INTERNATIONAL, INC. Name I 
| 6807 Wayzata Boulevard 

| | Minneapolis, MN 55426 ‘Address l 
і = | Hours: Mon. - Fri, 8:30 AM - 10 PM 1 
| (228—252 su. 9 AM -5 PM. Sun, Ii AM- 10 PM ciy ous Zip 
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Take Advantage of the Hottest Idea in Home Building 


Looking for a fantastic buy on a new home or a versatile business opportunity? 


We Make It Easy With: Our Homes Made Of Steel Offer: 

* Versatile investment programs * Super energy efficiency (R-30) 

* Substantial discounts on homes * Low maintenance/high strength 

* Unrestricted sales territories * Clearspan interior flexibility 

* Noinventory requirement ” 2 * Hundreds of popular designs 
* Full training and support 2 “a * Fast, simple construction 

* Financing assistance * Unique patented designs 

* Advertising support Y | | * * Custom designs available 
* Construction assistance * Affordability 


DISTRIBUTORS Join the 
WANTED Industry Leader 


In Select Territories 


Tri-Steel 


For More Information Call Today Toll Free: 1-800-TRI-STEEL 


(800)874-7833 or (800)4. 
In Texas: 1-800-7 
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Smart House 


Continued mmm 
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we think we've found a solution." 

In early March the Tiger Team 
published the first set of specifications. 
Now the engineers and the 10 manu- 
facturers who have signed Smart 
House research and licensing agree- 
ments must flesh out the details and 
resolve problems that arise, Guten- 
son noted. “We’re beginning to see 
the light at the end of the tunnel, and 
we're reasonably sure it isn't the 
train.” 


When and how much? 


Next summer 20 prototype houses, 
built with the cooperation of utilities 
and local home-builders associations, 
are to be launched. These will be dis- 
tributed throughout the United States, 
with a couple in Canada, Ken Geremia 
reports. Then 50 to 150 demonstration 
Smart Houses are scheduled for 1990. 
These will be put up by builders who 
will show them as model homes and 
eventually sell them. By the follow- 
ing year a few thousand will have been 
built for sale. 

“By 1995 to 97, when half the new 
homes built are using it, Smart House 
technology will be the de facto stan- 
dard,” Geremia predicts. 

How much will a Smart House cost? 
“Guesstimates say $7,000 to $10,000 
more than a comparable ‘dumb’ house 
[but a dumb house with only basic AC 
wiring]," Geremia answers. "That 
would include the wiring, receptacles, 
and controlling hardware." 

But higher initial cost would be off- 
set by operational savings, Geremia 
points out. “Maybe ten to forty per- 
cent energy savings, depending on 
location, lifestyle, and how the home- 
owners take advantage of Smart 
House capabilities" There should be 
a reduction in insurance premiums 
also, and utilities may give incentives 
to homeowners who let them control 
certain appliances to reduce peak 
loads. Balancing higher mortgage 
payments against lower operating 
costs, Geremia predicts a Smart 
Home-owner's outlay should be any- 
where from break-even to an addi- 
tional $60 a month. 

In 1991 the plan is to introduce 
Smart House technology into multi- 
family housing, and by around 1994 to 
have a retrofit technology available. 
Would that require tearing out the 
walls of your house? Probably not. De- 
signers envision a flat wiring cable 
that perhaps could run behind a re- 
cess in a baseboard. The Smart House 
staff sees the retrofit market as lu- 
crative: “Only two percent of the 
housing gets rebuilt each year," 
Keith Phillips points out. "The other 
ninety-eight percent is clamoring for 
upgrading.” us 


Plastic house? 


(Continued ге 48] mm—— 


factored into the GE plastic house. 
From what I have seen of its evolution 
through preliminary sketches and 
models, this will be an elegant two- 
story house—not a hodgepodge of 
construction experiments. And once 
it's built, it won't ever be considered 
finished, but will be regularly fine 
tuned and altered to test new concepts. 

In addition to the ideas featured in 
the large sketch, a major concept that 
will be incorporated initially or fur- 
ther down the road will be standard- 
ized modular components of various 
plastics designed to work together in 
flexible ways and in conjunction with 
components tailor-made to suit a 
family's specific needs. Ideally, there 
will be a designed-in ability to relo- 
cate, add, or replace modules as fam- 
ily needs change. 

Dickens and his team are well aware 
that some of these concepts will never 
reach the marketplace, but all will 
contribute to the demonstration of 
what engineering plastics can contrib- 
ute to American housing. 


What about fire? 


Isuggest to Eric Balinski, GE Plas- 
tics’ marketing development special- 
ist for the construction industry, that 
a major concern builders—and their 
communities—would have about the 
increased use of plastic in houses was 
bound to be fire safety. How flammable 
will such structures be? And how toxic 
are the combustion gases? 

Obviously that's a major concern for 
GE too, just as it has been in its de- 
velopment of automotive and aviation 
plastics. As Balinski points out, the 
inner surfaces of large airliners are 
mostly plastic. GE's ULTEM boasts 
high resistance to flame and low gen- 
eration of smoke, so it's widely used 
for surface panels. It will have some 
housing applications too, as indicated 
on the main drawing, though it is ex- 
pensive for large components. 

“We'll be using the costlier high- 
performance plastics in fire-rated sys- 
tems," Balinski tells me. "And don't 
forget that many of the conventional 
materials we'll be replacing are far 
from fire-safe. Wood and natural fibers 
are flammable, and their smoke can 
be highly toxic. Most of today's home- 
fire fatalities are from inhalation, not 
burns. We'll expect most of our home- 
construction plastics to equal or bet- 
ter the fire safety of the materials they 
replace." 

So with GE's commitment and de- 
termination behind the Living En- 
vironments project, the day may not 
be far off when you'll drive your plas- 
tic car into a plastic garage attached 
to a plastic house that's as smart and 
safe as it is beautiful. us 
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WMORE EFFECTIVE By dup- 


skiing, the world's best exercise, 
NordicTrack provides the 

ideal aerobic workout. 
Ш MORE COMPLETE 
Unlike bikes and other 
sitdown exercisers, 
NordicTrack exercises 
all the body's major 
muscles for a total 
body workout. 
WMORE CALORIES 
BURNED In tests at a 
major university, NordicTrack 
burned more calories than an 
exercise bike and a rowing 
machine* 

BMORE CONVENIENT With 
NordicTrack, you can exercise in the 
comfort of your home. 
NordicTrack easily folds, requiring 
storage space of only 17" x 23”. 


*Scientific test results included in 
NordicTrack brochure. 
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Poor spelling doesn't mean you're 
dumb. Boring writing doesn't mean you're 
dull. But many people think otherwise. 

Now avoid these embarrassments at 
the touch of a button, with WordFinder—a 
100,000-word spellchecker and viu 000- 
word thesaurus in a tiny бог. pat 

Unsure of your spelling? sy ty type 
the word and touch a key. No matter 
badly you botch it, you’! get the right 
answer in seconds. 

Want to write with precision and 
pizzazz? A massive thesaurus becomes 
your muse. Just type a word that's almost 
ie you mean, and instantly scan dozens 

dazzling synonyms. 

Even learning is fun with WordFinder 

. it's great for games like crosswords, 
hangman, Scrabble® or “Jumble” 
WordFinder Eds build your im: 
and boost your children's grades. In act, 
it's the same software created for PC's by 
Xerox... and rated "Editor's Choice” by 


PC Magazine. 
Order yours today with our 30 day, 
money back tee. Credit card hold- 


ers may call our toll-free number. Or mail 
your check, including handling ( ), to 

the address below. CA residents add 

6% sales tax. 
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BLESS TIME Because Nordic- 
Track is so efficient, you 
burn more calories and 
get a better aerobic 
workout in less time. 
ENO IMPACT Run- 
ning and some aerobic 
workouts can cause 
painful and poten- 
tially harmful jarring. 
A NordicTrack workout 
is completely jarless. 
INO DIETING No 
other exercise machine 
t burns more calories than 
- NordicTrack.. .so you can lose 
weight faster without dieting. 
INO SKIING EXPERIENCE 
REQUIRED Easy and fun to use. 
г FREE BROCHURE AND VIDEO 
Call Toll Free Or Write: 

в | 
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| 


1-800-328-: een 
In Minnesota 1-800-422-5145 In Canada 1-800-433-9582 
м1 | Jonathan Blvd. N., Chaska, MN 55318 
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x 4" x V4” WordFinder holds 


The tiny 
2 micro-processors and 4.5 megabytes of wordpower. 


W WordFinder FWS15 $99. 95 ($4) Order 
two at special saving 
W 2 WordFinders F' йв $190.95 (6) 
All units include 4 “ААА” batteries, in- 
structions and a 90 day warranty. 

Order toll-free 24 hrs. a day 


800-443-0100 ext. 690 
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23010 Lake Forest Dr., Suite D321 
Laguna Hills, CA 92653. 
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CLOSEOUT 


SAVE OVER 65%! 


120x TELESCOPE 


Focus on This Offer! Discover the fun 
and excitement of viewing distant sub- 
jects with this high quality Refractor 
Telescope from Tasco. This Model 99VR 
can be used 3-ways: for terrestrial, as- 
tronomical, or telephoto viewing! It even 
adapts to your 35mm camera for unique 
photography (T-mount not incl). And, 
you'll love the LOW closeout price. Order 
yours today! 

* Coated Optics for Bright Images. 

* 3-Way Use: Terrestrial (16x to 50x 
Zoom), Astronomical (13x, 15x, 26x, 
30x, 60x, 120x) Telephoto (300mm 
1/5, 900mm 1/15). 

* 6-18mm Zoom Erecting Eyepiece. 
6x30mm Wide-Angle Finderscope. 
Rack-and-Pinion Focusing. 

* Precision 2x Barlow Lens. 

* Micro-Adjusting Alt-Azimuth Mount 
(Tripod Not Included). 

* Includes Rand McNally Moon Map 
and Booklet. 


Lifetime Limited Mfr.'s Warranty. 
List: $450.00 


Item H-3796-7379-084 S/H: $6.50 ea. 


Credit card customers can order by 
phone, 24 hours a day, 7 days a week. 


Toll-Free: 1-800-328-0609 
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Wallboard (continued from page 501 mM 


and paintable, and as an added bene- 
fit, the PCM acts as a vapor barrier. 
Iask Shapiro what he'd consider the 
optimum phase-change compound. “Га 
like to have the freezing point of the 
PCM above its initial melting point," 
he tells me. This sounds strange, but 
Shapiro assures me that it can occur 
in fatty-acid mixtures. The benefit, he 
explains, is that "there's about a three- 
degree range where the PCM is in 
thermal inertia; it opposes what the 
room air is trying to do and keeps the 
room at a constant temperature." Sup- 
pose, for example, that the initial 
freezing point of a PCM is 75 degrees 
F, and the initial melting point is 71. 
As the air temperature changes from 
72 to 74, some of the material melts, 
storing heat. But some also remains 
frozen, keeping the room from dipping 
too far below the comfort zone. Sha- 
piro says he developed one of these un- 
usual PCMs by chance when trying 
to add a fire retardant to a mixture of 
capric acid and lauric acid. "The fire 
retardant didn't help much in flame 
spread, but it gave the PCM a freez- 
ing point above its initial melting 
point." 
Finding a resource 


Phase-change wallboard is not for 
every home, cautions Neeper. "The 
benefit comes from having a natural 
source of heating and cooling. If you 
don’t have that, you're not going to 
save any fuel.” But, he adds, “In terms 
of adequate resource, I've discovered 
that in many of our climates there is 
an adequate resource [for cooling] if 
you just open the windows at night." 

Capturing the benefit of heat stor- 
age depends on choosing the right 
PCM transition temperature for a par- 
ticular climate. “If the transition tem- 
perature of the PCM is seventy-five 
degrees, and nighttime air cools off to 
seventy, we've got a resource," says 
Neeper. "If your transition tempera- 
ture is sixty-nine degrees, and your 
nighttime air cools off to seventy, 
you've got no resource." The opposite 
is true for heating. If the transition 
temperature is 69 degrees, your house 
can get up to 75 during the day with- 
out becoming too uncomfortable; 
meanwhile, heat is being driven into 
the wallboard for use later at night. 

Can PCM-wallboard be used for both 
heating and cooling? "That is the aim," 
says Neeper. The problem is finding a 
transition temperature that works for 
both applications. 

Although PCM-wallboard was orig- 
inally an idea for passive solar homes, 
there are applications for standard 
dwellings. For heating, Shapiro sug- 
gests that if you have an oil- or gas- 
fired furnace, you can save 30 to 40 


percent on your energy bill by cutting 
down on furnace cycling. “If the fur- 
nace runs three times a day for an 
hour instead of twenty times a day for 
two minutes, there could be significant 
savings.” When the furnace comes on 
it can charge up the phase-change ma- 
terial while running at top efficiency. 

Although the experts agree that it 
usually doesn't make much sense to 
charge up the PCM wallboard with 
electric heat, there might be a benefit 
in cooling. You can run the cooling sys- 
tem at night, when the electric rates 
are lower, and freeze all the PCM. The 
house will not heat up again during 
the day until all the PCM has melted. 


PCM products? 


Commercialization of the PCM- 
wallboard technology could be as close 
as five years away, according to Neeper. 
But he adds that testing must be 
stepped up. “I think we should nail a 
few of the boards up and see which 
one lasts the longest and what kinds 
of problems come up.” So far, there has 
been only one real-life test of PCM 
wallboard. Jean Paris, a professor at 
Ecole Polytechnique in Montreal, and 
founder of Parinova Inc., a company 
formed to try to commercialize PCM 
wallboard, set up four test huts: one 
made with standard wallboard; one 
with PCM wallboard on walls and 
ceiling; one with PCM just on the ceil- 
ing; and one with three layers of stan- 
dard wallboard. The huts had large 
south-facing quadruple-paned win- 
dows and supplemental electric heat. 
“We wanted overheating,” says Paris, 
“to see which hut suppressed it best.” 
Over about a seven-month period the 
winner by far, says Paris, was the hut 
with PCM wallboard all over. It con- 
sumed much less energy, storing heat 
during the day and using it at night 
during the cold Montreal winter. 

Another potential problem with the 
heat-storing wallboard is scaling up 
production. Wallboard manufacturers 
might balk at adding PCM to their 
product, especially because the added 
material could change regionally. 
Mayo suggests that buckets of PCM 
could be sold to contractors who would 
dip the wallboard on site. The prob- 
lem there is with quality control, mak- 
ing sure the correct amount of PCM 
is absorbed by the wallboard. 

Even if the PCMs never end up in 
commercial wallboard, Salyer has 
other plans for the materials. “They 
can be used to wrap fruit trees to avoid 
frost damage,” he says. “We also have 
interest in putting the PCMs into din- 
nerware and coffee cups to keep food 
and drink warm.” Salyer also favors 
putting PCMs into concrete, floor tiles, 
and paint. 05 


Why Are We Giving Away 
Our Nationally Advertised 
GFX-16™ Headphone Radios 


for only 
$5 


Earphone 


Power On/Off 
Switch 


* Adjustable Head Strap 


* Foam-Cushioned 
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* Telescopic Antenna 


* LED Power Indicator 


s part of a nationwide publicity campaign, a leading New 
York company will give away its compact personal 
radios—the GFX-16™ Headphone Radios—for the astonishing 
publicity price of only $5 to every person who writes to the 
company address (below) before Midnight, October 30, 1988. 


These are the same GFX-16 Headphone Radios nationally 
advertised by us in leading media throughout America. 
*Similar headphone radios have been sold by others for much 
higher prices. Now, during this nationwide publicity campaign, 
you can have our nationally advertised GFX-16 for only $5, if 
you act promptly. 


Lightweight (just 6 ounces!), with foam-cushioned earphones 
and adjustable headstrap, it's comfortable enough to wear all 
day long! But what's more, these Headphone Radios contain a 
performance-oriented AM/FM radio. Now, take your favorite 
music, news, talk shows or play-by-play sports action wherever 
you go! Its convenient hands-free operation lets you listen while 
you run—jog—work—cook—or clean. No dangling cords, no 
bulky unit to carry in your pocket! And, best of all, your own 
“personal” preferences or moods in programming won't disturb 
family, friends, co-workers or anyone around you. 


Because its construction utilizes state-of-the-art electronic 
technology, it packs a p-o-o-o-owerful receiver in an ultra- 


A 


compact design. You'll be amazed at the true sound it delivers, 
and it even has a sensitive telescoping antenna. And it's easy to 
operate, too. Because the tuning and volume controls are on the 
outside of the headphones, you can adjust them, without even 
removing the headset! It’s powered by two “AA” batteries (not 
included)—and it even folds up neatly for easy storage! 


Not Available from Us 
At This or Any Price in Any Store 


Because the GFX-16 Headphone Radios are expected to be the 
fastestselling personal headphone radios ever sold by this 
multi-million dollar company, we decided not to sell any other 
models. They will not be sold at this—or any— price by the 
company in any store. There is a limit of 2 radios per address at 
this price but if your request is mailed early enough (before 
Oct. 25) you may order up to 5. Each radio is covered by the 
company’s full one-year money-back guarantee. 


To order, mail this original publicity ad (no copies or photostats) 
together with your name and address and $5 for each set of 
GFX-16 Headphone Radios. Add only $2 shipping per set. 
(New York and California residents add sales tax.) Allow up to 
6-8 weeks for shipment. Make check payable to RBM Lid. Mail 
to: RBM, HEADPHONE RADIO, Dept. 191-115, Box 
1705, Hicksville, NY 11855. (R48940) 


©1988 REM Ltd., 1200 Shames Drive, Westbury, NY 11590 


“бау, Smokey—" 


Aclinic on cars by Smokey Yunick, America’s most famous mechanic 


Performance chips 


I have a 1984 Chevrolet Z-28 with a 
V8 engine. What would be the adverse 
effects, if any, if I replaced the chip in 
the car’s computer with one of the 
many on the market that promise to 
increase performance? Also, what ef- 
fect do exhaust headers have on a car? 

Scott Schapiro, Boulder, Colo. 


Putting an aftermarket chip in your 
car is likely to make it illegal for 
highway use. Assuming your engine 
is functioning correctly, installing a 
performance computer chip would give 
a noticeable, but not earthshaking, 
increase in performance. The perfor- 
mance chip's program optimizes fuel 
delivery and ignition timing to give the 
maximum performance available from 
the engine. The standard chip has a 
program that optimizes fuel and igni- 
tion for best exhaust emissions and fuel 
economy, so you would expect an in- 


crease in emissions and some drop in 
miles per gallon with the performance 
chip. 

Installing exhaust headers alone on 
an engine makes little difference in per- 
formance. But in conjunction with an 
entire exhaust system (including an 
oversize catalytic converter and muf- 
fler) with a 2/s- to 3-inch exhaust-pipe 
diameter, headers will result in a no- 
ticeable performance increase. 


Intermittently bogged down 


I have a 1986 Buick Century with a 
2.5-liter fuel-injection-equipped en- 
gine. The car has only 4,300 miles on 
the odometer. Driving on the inter- 
state recently, it suddenly felt as if I 
had taken my foot off the accelerator. 
The car slowed to about 25 mph and 
then responded again to pressure 
on the accelerator. This happened 
about 20 times in 60 miles of driving, 
and several times the engine died 


altogether, and it had to be restarted. 
Itook the car to the dealer, but by 
that time it was running well and the 
mechanic could find no problem. It 
was a bit scary having the car lose 
power climbing a hill in front of other 
traffic. I am sure that the problem will 
reappear. Could you give me any ideas 
as to what to look for? I realize that 
an intermittent fault such as this is 
hard to diagnose. 
Joe F. Wampler, Lincoln, Neb. 


You're right; intermittent problems are 
the toughest ones to find. Your symp- 
toms suggest a number of possible 
problems, but because the malfunction 
has temporarily “gone away," there's 
no way to go through a process of elim- 
ination. One thing is easy to guess: Be- 
cause your engine is controlled by a 
computer, it will be sensitive to bat- 
tery condition and voltage supply. A 
poor electrical connection anywhere in 
the engine-control system could cause 


ou know that cross country 

skiing is the best form of 

exercise, Experts tell us it 
strengthens the cardiovascular 
system, burns calories fast for signi- 
ficant weight loss, and firms and 
tones flabby muscles. 

You don't have to be a skier to 
enjoy a smooth, rhythmic fun work- 
out in your own home, any day of 
the year. And you don't have to be 
rich, to get the benefits of better 
health, and greater energy. Because 
the Easy Glider cross country ski 
simulator will bring them to you for 
just $59.95! 


How we dellver 
durability and value. 


Easy Glider was ingeniously engi- 
neered to simplify operation, maxi- 
mize performance and durability. 
Parts are made of strong, light- 
weight materials; extruded alumi- 
num frame, injection molded poly- 


Easy Glider weighs Just 15 Ibs. and 
folds flat for easy storage. 
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mers and high test nylon are used extensively. Each 
part is ordered from the best supplier, world-wide. 

What's more, Easy Glider has features that some 
expensive simulators lack: a wide stance, floor-huaging 
all-metal frame for added strength and stability, 
sculpted skates to position each foot and avoid 
slipping, and padded adjustable ski poles for greater 
comfort. 

Stands up to Torture Test. 

An independent laboratory put Easy Glider through 
its paces. After 250,000 uninterrupted cycles, it passed 
with flying colors, and was still going strong! 

Total Fitness in a 20 minute workout. 

An aerobic workout on Easy Glider is one of the 
most efficient ways to achieve total fitness. In a 20 
minute workout every other day, you can shed weight, 
firm muscles, and strengthen your heart and lungs. 

Unlike jogging or cycling, cross country skiing 
exercises all the major muscle groups. Easy Glider 
burns calories faster than jogging (up to 360 calories 
per workout), and eliminates jarring associated with 
jogging injuries. Cycling only exercises the legs, but 
Easy Glider also tones chest, arms and back. It 
reduces body fat and develops leg muscles better than 
swimming. Better than rowing machines, Easy Glider 
lets you exercise arms and upper body at different 
resistance levels for optimum results. 


Our Double Guarantee 

Easy Glider is backed by a 30 day Money Back 
Guarantee and is covered by a full 1 year warranty on 
parts. 
Call toll free, for a healthier, You. 


Use any major credit card to begin a healthier, more 
energetic life! Call: 


1-800-342-4242 
and ask for operator H-2006. 


Ww 


‘mance year in, year out. Wide low stance provides increased 
stability and safety. 


Or send a check or money order for $59.95 plus $9.00 
for shipping and handling to: Easy Glider, Dept. 2006 
2006, 1 Fitness Quest Plaza, Canton, Ohio 44750. 

Besides being healthier, you'll also be richer — Easy 
Glider costs hundreds of dollars less than other 
leading cross country simulators. Order today, and 
begin a new life within weeks! 


©1988 Fitness Quest, Inc. Patent Pending Assembly Required. 
EASY GLIDER® is a registered trademark of Fitness Quest, Inc. 
Before starting this or any exercise program, consult your 
physician. 


an intermittent problem. But there are 
many other things that could go wrong 
as well: fuel too hot; fuel pressure too 
low; an electrical breakdown in the ig- 
nition circuit; fuel-plumbing problems. 
I imagine that your car will once again 
show its symptoms. I hope you can get 
it back to the dealer for diagnosis while 
the trouble is there to observe. 


Roasted converter 


Last summer I went to Colorado and 
spent two weeks driving off-road in the 
mountains with my 1983 Chevrolet 
K5 Blazer, which is equipped with a 
305-cubic-inch V8 and automatic 
transmission. The catalytic converter 
overheated, burning a hole in the in- 
terior carpeting above it, melting the 
insulation, and shorting out the wires 
to the taillights and the electric tail- 
gate window. 

After two months of arguing with 
two different Chevy dealers and then 
contacting the customer service cen- 
ter, I finally got them to replace the 
catalytic converter. But they were un- 
able to tell me whether the converter 
had failed because it was defective or 
because it had clogged up when the 
engine was running rich in the thin- 
ner air at high altitudes. I was fre- 
quently driving in four-wheel drive in 
first gear, low range. The engine was 
running at about 3,500 rpm, and max- 
imum speed was about 7 mph, pro- 
viding little airflow over the converter. 
Ineed to know if this is likely to hap- 
pen again when I return to Colorado. 

Todd Kozak, Niles, Ill. 


It's possible that after four years your 
converter was partially restricted, and 
that this caused it to run abnormally 
hot. But converters run pretty hot re- 
gardless of exhaust flow, especially 
when the engine is pulling hard at 
slow speeds. As you suggest, there isn't 
as much airflow to cool the converter 
at low speeds as there is at highway 
speeds. Assuming that you plan on 
keeping this vehicle, you might con- 
sider slightly relocating the converter 
so there's room for more cooling air to 
flow around it. You can also try mak- 
ing up some aluminum heat deflectors 
to shield nearby wires, fuel lines, and 
brake lines. And when you're out in 
the woods, don't forget there's a risk of 
starting a forest fire when parking the 
vehicle where underbrush gets near the 
hot converter. 


Those truck commercials 


We see trucks in macho TV commer- 
cials really roughing it over rocks, 


jumping ditches, etc. Yet my dealer 
claims that just driving on rough city 
streets can cause wheel misalignment. 
Do these vehicles survive the commer- 
cials with their wheels still aligned? 
Bill Boyle 

Salem, Ark. 


Let's not just talk about staying in 
alignment. If you drove a truck as they 
do in a TV commercial, all the wheels 
would fly right off the vehicle in 100 
miles or less. The off-road racing 


ича 
trucks уои may have seen on television 
have sophisticated special suspensions 
and drive trains, cost $100,000 or 
more, and still have plenty of mechan- 
ical problems. Your dealer is right: 
Garden-variety potholes in city streets 
can wreak havoc with wheel alignment. 


Got a car problem? Send it to "Say, Smokey—," PoPuLar 
‘Science, 380 Madison Ave., New York, N.Y. 10017. All let- 
ters are read, and those of widest interest are answered in 
this column. Due to the large volume of mail, Smokey can- 
not reply to letters not selected for publication. 


Why build 
own Classic 


your 
Roadster? 


Because it’s a lot of fun. Thousands of satisfied 
customers have built and are now driving 


their own Classic Roadster, you can too. 
We put a lot of effort into our kits so 
you don’t have to. Assembly is easy 
and our quality is guaranteed. If you 
prefer, we'll custom build a roadster for you. 
*.. part of a handful of manufacturers who are changing the 
face of the kit car industry” Hi Performance Cars Magazine. 
Also available MG, Jaguar, and 4 passenger Mercedes reproductions. 


V.8 powered Sebring 5000. 
Austin-Healey reproduction. 


Ext 
cu mà» 7-800-444-4446 5. 
! For International Export Call (701) 293-8866 
— Yes! ————— M cce LAE... 
| Please send me the following information: Name: | 
| B Баасан K Phone (Day): ( — ) | 
ustom Bull oadster è: 

| A) FREE Color Brochure, parts & Pic (Eve (J — — — — —| 

options info, and corporate report Address: 
| в)г1$5.0016ра Product Catalogue, plus — City: State: — Zip: | 
| 24 pg. company, component & OVISA О MasterCard | 

pricing info — # Ex LA 
| O 1515.00 VHS Videotape(corporate & тга i | 


model profile) plus "B" literature pkg. ~i i z 
D) c S200 Brot Opportunies repo ee козше fto: 


Also Available “Manufactured in Canada.” Canadians call 1-800-437-4342 
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You know how much you depend on your com- 
puter. With PC Weather Pro, your IBM PC, XT, AT or 
emo es ee ul 
And, even keep a perpetual record. Includes hard- 
ware, software and weather instruments. Here's 
what you'll measure and display. * Wind speed/ 
direction * Inside/outside temp. * Barometric pres- 
sure * Rainfall + Other software options available. 
Ask when you call 1-800-247-5712. 


ому 5 7 VISA 
MC/AMEX 
$5752 


TMI inc. 


4000 Kruse Way Place. mtu 
2-210, Lake Oswego, OR 97035 ид 


In Oregon (503) 635-3966. 


_ WINS? 


» In a controlled scientific 
Study* the technology 
used in our equipment 
was proven to be more 

effective than weight 
lifting for training or 
re-educating 
muscles. 

| This technique pio- 

neered by Russian 
scientists is nowused 
throughout their. 
winning Olympic 
athletic program with 
hl fantastic results. 


‘Published in Physiotherapy 
Canada, Vol. 31, No. 5 


* 30 day money back 
guarantee 

* 2 year warranty 

* Free instructional video 

* All units expandable 

* Multiple power supplies 

* New Improved design 


C] #2000 4 Pad Unit. $249 
C] 44000 8 Pad Unit. $475 
C] #6000 12 Pad Unit. $775 EM 
О #8000 16 Pad Unit. $975 ж МЕ к 
Please add $10 for shipping and handling. UM * 


‘Send check or money order to: 
HEALTHTECH, INC #11207 
3430 Conn. Ave. N.W. Washington, D.C. 20008 
VISA or MCARD orders call: 
1-800-333-8663 (M-F Sam.-9pm. EST) 1-800-872-8787 (24hrs.) 
For more information call: (202) 362-5821 


Taking Care of Your Car 


By STEVE MERCALDO 


DRAWINGS BY RUSSELL VON SAUERS 


RACK-AND-PINION MOUNTS 


Rack-and-pinion steering component checkup 


Loose rack-and-pinion mounts can 
cause unstable and dangerous steer- 
ing. Why? As the rack slides against 
the frame, the vehicle will wander and 
bump-steer—the rocking back and 
forth of the steering wheel when the 
front wheels hit a pothole. 

To check for looseness, rock the 


steering wheel while you observe the 
front wheels. There should be no more 
than М inch of steering-wheel free 
play before the front wheels move. If 
free play is excessive, jack and sup- 
port the front wheels. Then push and 
pull on the front tires while watching 
for movement at the mounts. 


FRONT BEARING 
RETAINER 


Speedy transmission tip 
When installing a standard transmis- 
sion put a light coating of high-tem- 
perature grease on the front bearing 
retainer. Without this lubrication the 
clutch-release bearing may stick to the 
retainer. This can lead to the clutch 
failing to engage and disengage prop- 
erly when shifting gears, and cause 
premature wear. 


Slow-start test 


If your engine cranks slowly but the 
battery checks out, test for excessive 
ground-circuit resistance. Disable the 
ignition system and attach a voltme- 
ter to it as shown. Crank the engine. 
If the meter reading exceeds 0.2 volt, 
check the connections at the battery’s 
negative cable and between the starter 
and engine block. 


Got a useful car tip? Send it (with Social Security No.) to Car 


Care, Poputar Science, 380 


Madison Ave., New York, N.Y. 


10017. We'll pay $50 if we use it. No tips can be returned. 


SCREWDRIVER 


COOLING VENTS 


Screwdriver solution 


The cooling vents on a car's disc-brake 
rotors can become clogged with rust 
and dirt, reducing airflow and heat 
dissipation. Brakes fade and wear 
faster if not properly cooled. The an- 
swer to this problem is to scrape out 
each slot or vent with a screwdriver 
until it is clear of debris. 


Here's how to pinpoint an air or water 
leak at your door's window. Cut a two- 
inch-wide strip of paper and place it 
between the top edge of the glass and 
the weatherstripping. Crank the win- 


FOR FREE FACTS! 

TRAIN AT HOME H 
FORABETTER CAREER. | 
[| 41 ways KS can help you improve your life g 


W rush free facts and color brochure on how I сап 
[train at home for the career | have chosen. [| 
understand | am under no obligation and no 
В salesman will visit me. CHECK ONE BOX ONLY! 8 

I ASSOCIATE IN SPECIALIZED 
TECHNOLOGY DEGREE 
PROGRAMS 
C Civil Engineering 
Technol 


logy 
C Mechanical Engineering 
With option in пасе Technology - 
WM O Business Mana D Electrical Engineering 
И "i opton in Marketing Technology 
C Electronics Technology 
CAREER DIPLOMA PROGRAMS —  ——— 
DSuwying& ГАП 
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ASSOCIATE IN. 
SPECIALIZED BUSINESS 


D 
= 
23 
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з 

71228 


О Electrician 
O Interior 
Decorating 


Management 
О Motorcycle. 


ishion О Drafting 


Merchandising C Air Conditioning & _ Repair 
Auto Mechanics — Refrigeration С) бип Repair 
Hotel [O Microcomputer © Photography 
Restaurant Repair О Journalism/ 
Mara CI Electronics Short Story 
Child Day Care C Travel Writing 
Manat C Wildiife/Forestry СО Dressmaking & 
Legal sistant Conservation Design 
COTVACR Repair C1 Police Sciences 
Name Age. 
Address Apt. s. 
W City/State n————. 
Phone ) 


International Correspondence Schools 
Dept PCS88 Scranton, PA 18515 H 


BE A PROFESSIONAL 


LOCKSMITH 


Earn money in your; 
spare time or even 
run your own 
locksmith shop! 


Train at home with the origi- 
nal Locksmithing Institute. In З 
as little as 6 months’ you сап 
take care of the demand in 
your community for profes- 
sional locksmiths 
Earn while learning, too! 
In a few weeks, you'll have 
the know-how to make mon- 
ey changing locks, making keys, simple installations. 
Learn by doing 
Locksmithing Institute's tested and proven method 
makes it easy for you to learn. Each lesson is fully 
illustrated and you work with professional tools and 
materials sent to you with the course ...even an elec- 
tric key machine... equipment that you will be using 
in your own locksmith shop. 
Cash in on the growing need for locksmiths 
You'll find locksmithing work all around you. And, 
with your Diploma as a skilled Master Locksmith, 
you'll start cashing in on your money making skills 
Get the exciting profit facts by mail... по sales- 
man will ever call. Mail the coupon today. 

JF COUPON IS MISSING. WRITE. 


LOCKSMITHING INSTITUTE 


V'LOCKSMITHING INSTITUTE "NONE T 
1500 Cardinal Drive. Lite Falls, NJ 07424 Dept 111-088 | 
PLEASE RUSH FREE CAREER BROCHURE 
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lg 1 
dow up to hold the paper in place. If | | THIS CAREER саах AVANLANUE П 
the paper pulls out easily, adjust the | | цемем pein ! 
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VC Mean Alarm Systems General Accounting | 
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NOW! Get in on the 


REPAIR! 


Work part time, full time – 
right at home— we help 
you every step of the way. 


No doubt about it... as a small engine pro, you can cash 
in on the huge demand for qualified men in one of Amer- 
ica's fastest growing industries. You'll be able to command 
top hourly rates of from $25.00 to $30.00 per hour — and 
Hes for labor. A simple tune-up earns as much as 
$49.95 for less than an hours work, and parts, engines 
and accessories will add even more to the profits. 
Plenty of business waiting for qualified men. 


65,000,000 Small Engines Are In Use Today! 
That's the official count from the Engine Service Assn... 
and one-million new engines are being built each month 
With fully accredited Foley-Belsaw training. you can soon 
have the skills and knowledge to make top money ser- 
vicing these engines. People will seek you out and pay 
you well to service their lawnmowers. tillers, edgers 
power rakes, garden tractors, chain saws, minibikes. 
snowmobiles. generators, go-carts, paint sprayers 
snowblowers . . . the list is almost endless 


Professional Tools and Equipment, PLUS 4 H.P. Engine 
ALL YOURS TO KEEP. . . All at No Extra Cost. 
NO EXPERIENCE NECESSARY! 

You don't need to be a ‘born mechanic’ or have any prior 
experience. You can master this profitable trade right at home 
in your sparetime. Lessons are fully illustrated...so clear you 
Cant go wrong, and with our famous ‘learn-by-doing’ method 
you get practical "hands-on experience. We also show you 
how to ү business, what to charge, where to get supplies 
wholesale...all the inside tricks of the trade you need to 
assure Success right from the start 


Send for FREE Facts—Do It TODAY! 
NO Obligation—NO Salesman Calls! 
You risk nothing hy accepting this offer to see how 
easily you can learn the skills vou need to increase 
vour income in a high-profit business of your own. 
Just fill in and mail coupon below (or send postcard 
with name and address) to receive full information 
by return mail. 


RUSH COUPON TODAY FREE 
Foley-Belsaw Institute BOOKLET! 
6301 Equitable Rd. Sad or jar 

nas copy today! 


r FOLEY-BELSAW INSTITUTE 


1 
6301 Equitable Rd., Dept. 51483 

[E iiy. Mo. 64120" I 
Ц [O YES, please send me the FREE booklet that gives I 
B tui details about starting my own business in Small M 
E Engine Repair. | understand there is No Obligation and g 
I that No Salesman will call on me. П 
Ё МАМЕ [| 
А ADDRESS. 
Ё сту I 
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Wordless Workshop 


By ROY DOTY 


H Warriner S.D., for this idea. Send yours 
{with Social Security No.) to Wordless, POPULAR SCIENCE, 380 Madison 
Ave., New York, N.Y. 10017. Only purchased ideas can be acknowledged. 
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Shoppers’ Showcase 


A selection of products and services for Poputar Science readers avail- 
able direct by mail. Enjoy the fun and convenience of mail ordering 
shopping. Please order directly from the advertiser. For advertising rates 


for this section, write Advertising Sales, Poputar Science, 380 Madi- 
son Avenue, New York, N.Y. 10017 


COMPUTER 


A Powerful Lap-Top 
Personal Computer 
That Lets You Get 
The Job Done Wher- 
ever It's Convenient! 

Built-In Word Proc- 

essing, Spread- 

sheet, Filing and 

Telecommunica- 

tions--Ready  In- 

stantly Wherever 

You Go! 

* 64K RAM memory. 

* 4 Built-In Programs included: 
Word Star-To-Go, Calc-To-Go, 
Personal Filer & Telcom. 

* Built-In 300 Baud Modem. 

+ Interfaces: Standard Parallel, 232C, 
Modular phone, CMT. 

+ FULL FACTORY WARRANTY! 


Folds down 

to half its 

size! Fits 

easily in a 

trunk. Take 

it with you 

when you go 

camping, or 

even bring it with you on campus to 
ride from class to class. 

+ Quick release fittings for easy folding and handlebar/ 
seat adjustments. + Comes fully assembled with front & 
rear fenders, luggage rack, front, rear, side, & pedal 
reflectors. • MADE IN EUROPE of high quality steel 
tube. • Front hand brake, rear coaster brake. • Complies 
with U.S. standards regulating bicycle safety. • Tire: 
20°x1.75". * Net weight: 35.2 lbs. • FULL FACTORY 
WARRANTY! 


Mig. Sugg. Retail: $248.00 
$99 


Order No, B-825-103531 
Insured Ship/Hand.: $14.50 


Mfg. Sugg. Retail: $995.00 


DAMARK PRICE $ 
Order No, 8-825-100156. 
Insured ShipHand.: $11.50 


MUST 
LIQUIDAT 
AT FAR BELOW 
DEALER COST! 


Optional peripherals. 
available from NEC. 


Model: DBOIF. 


TRACTOR FEED INCLUDED. 


PUBLIC NOTICE: 

Due to a variety of reasons, (overproductions, dis- 
continued lines, Etc...) manufacturers & distributors 
get STUCK with inventories that must be liquidated. 
DAMARK walks in, lays down cash, and takes the 
entire inventory. This is how we can offer you 
products at BELOW DEALER COST! Just LOOK 
at the values below and order today - QUANTITIES 
ARE LIMITED! 


D80IF DAISY 
WHEEL PRINTER 


Create high-definition busi- 
ness graphics WITHOUT 
changing the letter quality 
daisywheel. Comes com- 
plete with Tractor Feed & 
Sheet Feeder! API (All Pur- 
pose Interface) included to 
work with most personal or 
business computers on the 
market! 


+ SHEET FEEDER INCLUDED. 


* ECS (Extended Character Sets) supports 100 & 
up to 200 extended character set print wheels. 


FACTORY NEW! 
FACTORY PERFECT! 


* Inertaces: Universal 50-pin, RS-232C, & 


Centronics. 
+ Print Speed: 80 CPS. 

+ Buffer: 1.5K bytes. 

* Size: 18.17"H x 23.82"W. 
< Forms Width: 15.25" 

+ 90 DAY WARRANTY! 


REFRACTOR 
TELESCOPE 


Reach out and touch the stars with 
this astronomical Bushnell Telescope. 
This is the HOTTEST PRICE ona 
Bushnell Telescope in the Country! 


* 60mm Vari-Power Telescope. 

* Power: 15x-60x. 

* Easy assembly. 

* Includes wood tripod with accessory 


tray. Mig. Sugg. Retail: $180.00 


$69 


Order No. B-825-104422. 
Insured ShipHand.: $7.00. 


* IBM Parallel Interface included. 


Mfg. Sugg. Retail: $2,295.00 


DAMARK PRICE: $ 
Order No. B-825-104398 


Insured Ship/Hand.: $40.00. 


‘MITA PERSONAL REMOTE 

CONTROL CENTER 
Operate you TV, 
VCR & Cable TV 
Decoder with one 
remote control. 
Consolidate ап 
those remotes into 
one easy to use re- 
mote control cen- 
ter! It's simple to 
use & program! 


+ Operates most pupular 
brands. 
ses З AAA batteries (included). 
imensions: 8-1/10"Н x 13/16"0 x 2-1/2"W. 
ue to a variety of codes used, Zenith 
Cannot guarantee that the. 
PCC will operate every model listed. 
* Made in U.S.A. N 
+90 DAY WARRANTY! Tw 


Compare At: $99.95 


DAMARK PRICE: $49 


Order No. В-825-104323 
Insured Ship/Hand.: $4.00 


EERE ин иш иш иш иш ип ий иш ип ип иш ип иш ип ип ип иш иш шї иш ип ип ип ип ип ишш ш шшш 
МАМЕ 
PRODUCT ITEM NO. ОТҮ. PRICE S/H TOTAL 
| BE NEC Lap-Top Computer [B-825-100156 5298 [$1150 
CITY ST—— ZIP ‘XEROX DBOIF Printer |B-825-104398 $499 [$40.00 i | 
a PHONE FOLDING BIKE 8-825-103531 sos [$1450 ш 
" тч BUSHNELL Telescope B-825-104422 $69 $7.00 
a FOR FASTEST SERVICE es: ZENITH Remote Contro! — [B-825-104323 $49 |5400 It] 
[| CALL TOLL FREE VISA n SUB TOTAL 
CORPORATE OFFICE (12 io бат 
[| 1 m 800-8. 3. 2- 5. 5. 5. 5 DELIVERY TO 48 US CONTINENTAL STATES ONLY in MN add 6% Sales Tax i 
Total S/H/l 
[Г] CHECK/MONEY ORDER pow m 
EVISA [7 MASTERCARD CARD NO. EXP. DATE 


Send To: DAMARK INTERNATIONAL, INC., 6707 Shingle Creek Parkway, Minneapolis, MN 55430 
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Train 
FAST 


at Home! 


If you enjoy fixing things, you're a “natural” 
to make hundreds of EXTRA DOLLARS a 
year in the fascinating business of Lock- 
smithing. Rising crime has increased de- 
mand for service a thousandfold. Yet there's 
only one Locksmith for every 17,000 people! 


COLLECT CASH PROFITS ALMOST AT ONCE! 


You're "in business" ready to make $10 to $26.00 
an hour a few days after you begin Foley- 


“war injuries left me 
badly handicapped, but 
now I'm a financial success 
Qs a Locksmith, thanks to 


r training. 
York is fascinating, If | can 


do it anybody can. 
Glen Johnson. Larned, Kan. 


Make Up to $26.00 an Hour — even while learning! 


Be a LOCKSMITH 


Besides, the 


ing can keep the extra money coming in dur- 
ing spare time — ог in your own full-time 
business. Ideal for retirement—good jobs, too. 
FOLEY.-BELSAW INSTITUTE 
530 Equitable Re, Dept. 11456 


Belsaw's shortcut training. Easy illustrated les- 


Kansas City, Mo. 64121 
sons complete with ALL practice equipment 


N. Hunt, Wilmington. 
week extra, 

R. Davis, St. Louis, Mo 
Saturday." 


€ ALL TOOLS YOURS TO KEEP 

EY MACHINE YOURS TO KEEP 
EXPERT PERSONAL ASSISTANCE 
© BUSINESS-BUILDING HELP 


`) 
EEUETEDIEEITUCUTISECNN 
| MAIL THIS COUPON • NO SALESMAN WILL CALL | 


FOLEY, чали INSTITUTE 
6301 EQUITABLE RD., DEPT. 11456 
KANSAS CITY, MO. 64120 


т 
enable you to get your share of this always- 
profitable business. Hundreds we've trained 
are doing it. So can YOU. 

MAIL COUPON to discover how Locksmith- 
Dies | make $50 a 
1 cleared $110 last 
Ed Boyle. Pittsburgh, Pa. My business going 


at top speed. I'm moving to bigger quarters," 
NO SALESMAN WILL CALL 


i 


THIS DO-ALL PRO 


KEY MACHINE YOURS 


|) Rush FREE book, “Keys to your Future.” Е 
TO KEEP! B ,,,, 
Kor] m a 
come ^ апа City- “State lip. Е 
Й? doesn't cos! 
БЕУ m amm amm шш шш шш шш иш ий 


FACTORY DIRECT CLOCKS 
AND FURNITURE 


Do-It-Yourself 

Kits or Assembled 

and Finished 

* Grandfather Clocks, 
Mantel and Wall Clocks 

* Cabinets, Chests, Tables, 
Chairs, Desks...and more! 


* Solid 3/4" Black Walnut, 
Cherry, or Oak 


* Heirloom Quality 


* Solid Brass West German 
Movements and Dials 


* Money Back Guarantee 
Kit Prices 
Starting at $89.50. 


SEND FOR 
COLOR 
CATALOG 


C EC OCK COMPANY 


Do-it-Yourself Kis C Finished Clocks O Finished Furniture 


Name = 
Street 

City - 

State Zip. 


(Please Print) 


Control your VCR from 
any.room in your home. 
CONSUMER SALES 
800-356-7657 
..800-346-4823 


CALL 1-800-368-8500 


Ask for a credit application with EASIER APPROVAL 
because our VISA and MasterCard programs feature 
the Secured Deposit Account. NO 
ANNUAL FEES, NO PROCESSING FEES, 

NO AGENT FEES. And you enjoy $500 to 

$5,000 credit directly with a federally 


insured bank. Call or write now! @ 
Key Federal Savings Bank 
Box 6056, Havre de Grace, MD 21078 


NAME 


Video Transparent Tape & Connectors 
Tape your home or apartment video signal from 
room to room with INVIZ-O-LINK™ 


STATE ZP AC/PS 


SINGERS! 


REMOVE VOCALS 
FROM RECORDS AND CDs! 


SING WITH THE WORLD'S BEST BANDS! 
An Unlimited supply of Backgrounds from standard 

stereo records! Record with your voice or perform Ii 

with the backgrounds. Used in Professional Performance 

yet connects easily to a home component stereo. Thi 

unique product is manufactured and sold Exclusivel 

LT Sound - Not sold through dealers. Call or 

Free Brochure and Demo Record. 

LT Sound, Dept.PS-3,7980 LT Parkway 

Lithonia, GA 30058 (404); 482-47: 24 

Manufactured and Sold Exc! Soun, 

DEMO LINI (4041462 2485 


ж ж ж ж PRESENTING ж ж e жж 


CABLE TV 
EQUIPMENT 


KH STARRING ж 4 4 KK 
JERROLD, HAMLIN. 


"AND OTHER FAMOUS MANUFACTURERS 


for making Ornamental 
Concrete Items 


2 FINEST WARRANTY PROGRAM AVALARLE Book about Aluminum Molds $700 
1 ORDERS элна FROM STOCK алты 2 HOURS including over 425 designs, 


prices and production trade 
secrets from world's largest 
mold manufacturer. 


FOR FREE CATALOG ONLY 1-800-345-8927 
FOR ALL INFORMATION 1-818-716-5914 


PACIFIC CABLE CO. INC. 
7325" RESEDA туо. 06711422 
RESEDA CA 9035 


Р.0. Box S-99 Hickory, NC 28603 


wih Badge A Minit 


Yes, it's really possible by making 
and selling bright, colorful Badge 
A-Minit buttons. Buttons are 
proven money-makers at fairs 
ventions, or 
предав 
They're fast and easy to make 
п Badge-a-Mini 
inexpensive! 
Send for a FREE Full color 
Catalog and idea book, or 
send for a Starter Kt, only 
$29.95 plus $1.75 shipping 
(L residents add $1 87 ax) A 
BADGEA Mint Dest PS 888 
38 North 30m Rc Вос 80, LaSalle, IL 61301, Phone (815) 224-2000 


Em 


Give a hoot. 
Don't pollute. 


Forest Service, US.D.A. 


CASIO DATA BANK CALCULATOR rj 


Store Names, Numbers. Has Secret 
Security Function. 330 Hours On One 
Battery. Wallet Type Case. ||| |e 


Send 19954250 Shipping o: 
RHODES ENTERPRISES, CALC OFFER 
PO. BOX 2505, SECAUCUS, N.J. 


J. 07096. 
4-6 Weeks For | y. 100% MCNEY BACK 
GUARANTEE ENO SATISFIED! 


Rx Eyeglasses ‘Breakthrough’! 
w To Buy Direct By Mail 


Sale. Easy. Full line of frames, lenses & coatings. Sport & dress 
FAST delivery. Try for 30 
ed 


Opi inc.. Dept P588 
10992 NW 7th Ave. 


Since 1959 N. Miami, FL 33168 


metal утаа wood-grain camage. 
o: 12 16" Send for FREE catalog 
Guns, Swords, Suits of 


DOME HOME KITS 


Spacious... Efficient. 
Affordable... Monterey Domes 
Homes are designed for a 
lifetime of savings. 
Up to 50% more en 
gy efficient than eve: 
day homes. Patented „ы 
building system... 
comes precut - 
and color coded. 2 eee 
Mic. Send for 100 page color 
Catalog & Plans Book. $7.00. 
Fully Guaranteed! 


NAY 
(MONTEREY 


(Please rush my Monterey Domes Catalog & Plans Book: Enclosed is $7.00. 
Also, send me the Basit Dome Assembly Manual for an additional $5.00 
Name. 

Adres 

City Staten 


Handyman's Headquarters 
Key #75740 


The Handyman's 
Headquarters 


Sale Good Thru 9 30 88 


Pro-Mac 605 Chainsaw 

Big 3.4 cu. in. engine. 16'sorocket nose bar 
and chain. Automatic & manual oiling. 16.6 oz tank 
List $319.99. Item # 19090 

Sale $198.99 Atter mail-in tactory rebate 


16 Ton Log Splitter 
5 HP engine. 11 GPM 2-stage 
pump. 24” stroke. 8° Wing 
Wedge. List $1100 

We have ALL Пет #1134 

the Parts to Build Sale $699.99 

Your Own Splitter! 

Famous Brand Gas Engines 

Largest selection’ Thousands of 

engines in stock. 3; - 23 НР 

horizontal & vertical shah 


5 HP Sale $132.99 
8 HP Sale $184.99 
10 HP Sale $224.99 


4000 Watt 
Continuous Generator 


100 
пет #16425. 

Sale $389.99 
4000 Watt 
Electric Start 
Wem #16426. 
Sale $439.99 


N Easy 
(Ig Rolling 20 


Deluxe 
Garden Cart 
300 Ib. capacity. Hauis 
thing. Big 20” ball 
bearing wheels. includes MEN 
a FREE Dumpster Door! 

йет #14512 


Soie $63.99 


Ship 


‘Send for your 


Tools, Parts & 
Equipment 
Catalog! 


Save 
20 to 
50% on: 


m Power Tools 
и Hand Tools 
в Gas Engines 


uLog Splitters 
and Equipment 

в Air Compressors 

= Generators and Air Tools 

в Hydraulic a Trailers and 

Parts Trailer Parts 

п Welders m AND MORE!!! 

1 Send for your FREE 136-Page Discount 
Tools. Parts and Equipment Catalog! 
Name 
Address 
City 
State Zip 


Northern. Key #75740 
P.O. Box 1219, Burnsville, MN 55337-0219 


\isNorthern 


Handyman’s Headquarters 
Key #75740 


TO ORDER CALL 
1-800-533-5545 in mN 612-894-8: 


EXTEND ENGINE LIFE 


14,000 miles after 
treating his car with 
Fluro-Cote... 


Irvin Allen drained 
all the oil out 

of his Datsun 280Z 

and drove around a 

race track 9 times. 


( 


Oi was then put back in the car and 
Irvin Allen drove away- just to prove a 
point; Fluro-Cote treatment protects your 
engine and improves performance like 
nothing else. 

Fluro-Cote's 8 oz. bottle of formula 
contains 60% more super poly lubricant, 
(the slickest compound known) than our 
competition has in an entire quart. Fluro- 
Cote permanently coats all metal parts 
and reduces friction in engines as large as 
360 cubic Inches. By reducing friction, 
Fluro-Cote: 

* Reduces drag, 

* Increases mileage, engine compres- 
sion, acceleration and engine life. 

* Allows easier cold starts. 

* Delays costly overhauls. 

Fluro-Cote meets or exceeds every 
manufacturer's engine warranty require- 
ments and is compatible with all petro- 
leum based or synthetic oils. 

If the skeptic in you 
needs more convincing call 
the toll free number below. 


Fluro-Cote 


Treat Your Engine Right 


one волео usi 19.95 pus $2.0 stoning & 
California residents add 6% sales tax. 


Mastercard [ ]Oiscover 


handing. 
Visa 
Каш. [ I 
Name 
Козы 
су 
Sate 


LR co ll 
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Classified Opportunity Mart 


Reach 4.5 million readers every month with an ad in Popular Science's 
Classified Opportunity Mart. October Issue Deadline (on sale September 
13) is July 25. Rates: $8.90 per word. Min. ad 10 words. Darker 
type (Bold) words $1.00 per word extra. Display Classified: $495 per 
inch. Payment with order, or charge your Visa, MC, Amer. Exp., or 


Diners Club Account (give # & exp.) Advertisers using box number 
in ad must furnish name & street address for our records. Send order 
& remittance payable to POPULAR SCIENCE, Classified Dept. 6C, 
380 Madison Avenue, New York, NY 10017. For advertising infor- 


mation call 800-445-2714. 


Ernestine Grant, Class Adv. Dir. 


COOL-TOOLER 


COOLER 


Electronic 12-volt cooler and 
tool box in one. Built for pick-up 
trucks of all sizes. 


All new COOL-TOOLER s built 
as a direct replacement for the 
Inconvenient ice chest and ther- 
mos coolers. 


No noisy compressors, no bulky 
piping, no vibration, no teon 
gas, only one moving part. 


COOL-TOOLER requires only 4 
‘amps per hour while operating 
continuously on maximum cold 
with 50 pounds of food or 48 12- 
оз. cans. This means coder will 
Tun 20 to 35 hours on regular- 
duty battery before recharging. 
(Recharge by starting vehicle.) 


Complete weather proofing and 
latching system that gives maxi- 


Construction Workers (Alltypes): 
food, beverage - parts and tool 
storage. 


mum security. 
COOL-TOOLER is thermostati- 

Large gas-spring assisted lids dina. T 
cally controll ing ir н Way. Traveling People: 


COOL-TOOLER is unetfected 
by tilting or continuous move- 
ment of moving vehicle. 


COOL-TOOLER comes com- 
plete with easy to install instruc- 
tions, Including inside cab on/off. 
‘witch, Installs in minutes. 


COOL-TOOLER comes with 
‘one-year full warranty. 


STORAG ox 


Also Portable, Build-in Coolers/Food Wi 


High gloss while enamel paint is 


‘and rust-resistant durablefinish. 


Adjustable latch comes with key 

lock and will not release when 

pried or pushed. 

Guaranteed not to leak. A uni- 

que combination of rolis, offsets, 
justable. 


COOL-TOOLER USES | 
Farmers: food, beverages, tool 
storage. 


cines, food, beverage storage or 
different products. 

Fishermen: Save money, 
those fish home without ice; 
food, 


Hunters: Save meat spoilage; 
food, beverage, storage of hunt- 


ing supplies. 
Campers: Several days cooling 
and dry goods storage for the 
average family. 


without - 
JUST ABOUT EVERYONE! 


rs, Freezers, and Automobile Floor Mats. 


EXCEPTIONAL BUSINESS OPPORTUNITY BECOMING DISTRIBUTOR FOR NEW 
PRODUCT! For information : Send $5.00 for color Brochure & Det: 


Tooler, Inc. 
38555 or call (615) 484-4780. 


AUTO SUPPLIES & EQUIPMENT 


Box 7783 Dept. 2, San 
50 or -800-LESS WEAR. (In 
CA 408-729-6846). 


SLICKSO, Guaranteed Lowest Price. 
See Our Full Page Ad This Issue Or Call 
Toll Free 1-800-227-5425. 


Marching rogare от 
тео Recor for AL ors ond pup 
авта Poly 
Ао f ted heavy duly abbed svies 
ior brochure ond. 
decer 


Coll oc мите for your FREE 
the locorion of yox 


VES tou mee: 1-800-624-2200 89 
Тол Mates NC — Dox 895. Ty Ono 45 
INCE 1972 


MOTORCYCLES BICYCLES 
SUPPLIES 
MOPED Parts, Mopeds, Golf Carts, 


Three Wheelers, Specialty Vehicles, 2810 
Algonquin, Jacksonville, FL 32210. 


GO CARTS 


GO-KARTS $29.95 To $239.95 complete 
Catalog 25¢. Schmieder Co., PO. Box 142, 
Springtown, PA 18081 


inufacturer, Dept PS-8, 2906 North Main Street, Cro: ville, TN 


ALL TERRAIN VEHICLES 


BUY ONE AND WE'LL MAKE 
YOU AN EXCLUSIVE DEALER 


(21-years-old and over, Please) 


Call Toll-Free 1-800-255-2511 
NY and Alaska 716-855-2226 Collect 
Canada Toll-Free 1-800-338-0012 
Recreatives Industries, Inc. 

60 Depot Street, Buffalo, NY 14206 


In Development 
The First High Performance Amphibious Vehicie 


“THE GAMMA GATOR” 


даха Sreet Legal tend ‘Ahh Je Dive Water 
Vence Vence. 


pocket cvolobt tor #1003. Funds 
13 outside Pe USA) 


Send: MPV, 1e, P.O. Bom 1176 on Antonio, Tx 78234 


CLASSIC CARS 
BATTERY MASTER SWITCH 


Patent Pending 


Can fit post, 
lugor Jide ier- 
minal batteries 


Disconnects all electrical circuits with 


a simple turn of the knob. Attaches | 


to battery in minutes. Heavy duty. 
Suitable for 12 or 24 volt batteries. 

Eliminates battery drain, prevents 
electrical fires, provides emergency 
cut-off. 

Remove knob to stop theft and un- 
authorized operation. 


$12.95 each postpaid 
Add $1 for side post adapter 
BATHURST, INC. 
Box 27-PS, Tyrone, PA 16686 
814-684-2603 


Quantity discounts—12 units or more. 


Dorothy Ellis, Sr. Class. Adv. 


VAN SEATING 


BRAND NEW! FAMOUS MAKI 


by Nationally Known | 

| Seat Manufacturing Company! 
Moots or exceeds эй DOT.A | 

| Работа satety codes! 

| Cu FULL FLEX suspension à high 
donsity foam construction! 

LUXURIOUS Velour Fabric! 

CAPTAIN'S Chairs төсле with, 

just a touch of a lever! Optional 

Skits are FREE! 

FREE soat tracks - a 825 value! 

ALL FABRIC matching Sola. 

Bads a! the Lowest Retail prico 

in he US. - only $1751 

FOR ALL Vi тиск 

CALL For Free Fabric Samplest 


1-800-445- 1830 or 1-703-892-4208 


it card members can order by phone. 


ЕЕЕ ЮТ 
BRADD & HALL ASSOCIATES 


BOX 10643 ARLINGTON, VA 22210-9832 
Warehouse Liquidators 


туче] f 
2ds for dá cars ра 
5, Supplies more. 
“Scal trad r: 
NINE GIANT ISSUES 


lotor News 
Box 100, Dept. 8817, Bennington, Vermont 05201 
AUTOMOBILES 


BUILD A BIKECAR 
The Amazing Mini Car You Can 


PLANS $9.95 


[tastes Guaranies o ®и Money Baar Endicott, NY 13760. 


RED HOT bargains! Drug dealers’ cars, 
boats, planes repo'd. Surplus. Your Area 
Buyers Guide. (1) 805-687-6000 Ext. S- 
20025 


VAPOR Carburetor Triples MPG. Free 
Information. H&A, R2PS, Bowling Green, 
MO 63334. 


1S It True You Can Buy Jeeps for $44 
through the US. government? Get the facts 
today! Call 1-312-742-1142 Ext. 4606. 


ALTERNATOR/GENERATOR Rebuild- 
ing Book. Price: Hedelund Engineering, 
Box 26044, Las Vegas, NV 89126. 


GOVERNMENT ТҮЙ 
SEIZED PROPERTY | 


SAVE 50% on Gasoline and auto 
expenses. This book tells how. Rush $4.95 
Jus $100 postage and handling to: 
| BanCo., 200 West Adams St., Morrilton, 
| AR 72110. 


ENGINE Pre-Luber: Triple Engine Life. 
Simple, inexpensive construction. FREE 
DETAILS, $5.00 manual (refundable). 
Genesis Engineering, PO. Box 73231, 
Houston, Texas 77237-3231. 


AVIATION 


BOOMERANGS ... HI-TECH RE. 
TURNS! ABS; POLYCARBONATE; PAX- 
| OLIN; or Wood Constructed. World's Best! 
| Boomerangs-Exciting, Collectible. Annual 
| Catalog FREE! BoomerangMan, 1806-2 N. 
| 
| 


3rd, Monroe, LA 71201-4222. 


| 1791 flying machine 
CLIMBS to 10,000 feet NO LICENSE 
required NO WINGS or Helicopter blades 
| FOLDS to fit in trunk of car SAFEST, Easi- 
| est, Cheapest way to fly for complete info + 
| FREE Demo flight send $5.95 to: Freedom 
Fliers, PO. Box 135B, West-Pittston, PA 
| 18643. (Buy One Be A Dealer If Open.) 


| POPULAR science 


AURORA" 400A VTOL Aircraft. 


OF RUE etn шз emi) 
Mamon pera on 
Pr 

prae дшше 
Lean move abouts acia new ara, 

PEL Saee bce Danna Kee ta fe ao 
fend SH ect or money one UE led ony 810 0 ounde 
USS papate о Mosher теран 

Shipped hat clase mat оа 


your oun HELICOPTER 


SIMPLE, LOW- COST ASSEMBLY 


PLANS — tul 
ом 
Helicopter Experimenter's 
Only $10,95% "шю 
тб. @- 


Riderwood, МО 21139 
Credit cor order line: 


X SPECIALI 
Both Books: Only $19,951 


AIRBOATS. Hovercraft, —Airdrives. 
Plans, kits, hulls, mounts, engines, prope 
lers, hubs. Catalog $3.00. Sportscraft, Box 
PS, Meeker, Oklahoma 74855. 


HOVERCRAFT 


AERO-CAR Amazing Hovercraft bui 
easily with ordinary tools. Lawnmower 
engine powered. Carries one man plus. 
Flies over land/snow/water. Complete 
plans and booklet. $10.95. Aero-Projects, 
ох 5118PS, Clinton, NJ 08809. 


HOVERCRAFT Plans, Parts. Catalo; 
$1.00. Universal, Box 281, Cordova, I| 
61242. 


BARTLETT FLYING SAUCER 
ULTRA-LIGHT Hovercraft Featured In 
Documentary Film, "Force Beyond" Pow- 
ered By Ordinary Lawn Mower Engine. 
Complete Plans and Supply Sources. 
$10.00 Send To: Herb Bartlett, PO. Box 
156-8, Silverdale, WA 98383. 


DO Super mileage carburetors work? 
FIND OUT FREE! toc, 2069 Zumbehl, 
Suite 173-2C, St. Charles, MO 63303. 


BOATS, INBOARD/OUTBOARD 
MOTORS 


BOAT PLANS — PATTERNS — KITS 
— Hundreds of designs — Sailboats — 
Powerboats — Sportsfishers — Rowboats 
— Duckboats — Bassboats — Canoes — 
Hydroplanes — Simple construction — 
Proven results — Tremendous savings! 
Gigantic 160 page catalog $3.00 ($4.00 
Airmail) — Includes Free “Boatbuilding 
Supplies” catalog. GLEN-L. 9152 Rose- 
crans, Box 180486 Bellflower, CA 90706. 


ASTRONAUTICS 


BUILD YOUR OWN 
ROCKET MOTORS! 


* 40 POUNDS THRUST! 
* FIFTY CENTS EACH! 


* BUILD A DOZEN IN 
AN EVENING! 


[PI 
pee Tous тө nar pnd a Bee 


Dept PS 8. THE TELEFLITE CORPORATION 
11620 миең SL. Moreno Valley, СА 92387] 


ROCKET MOTOR MAKING TOOLS 
таб supplies Catalog $3.00. Impulse Reac- 
tions РО. Вох 61342 Seattle, WA 98121 


DOGS 


TEACH ANY 

DOG IN MINUTES 
Complete system, book and device. 
All you need to raise and train 


puppies, dogs of all ages. Never falls! 
Uses dog's keenest sense. 


EASY TO USE 
NOT ELECTRONIC. * 


BEWARE OF IMITATIONS! Our Pats. #3498266 #3159140 Protect You. 
REHABILITATE DOGS: from Electric Shock-Shy, Gun-Shy, Car 
Corrects = Less Тевсћев. iss. 


'* Housesoiling * Barking * Gun Shyness 
$ Jumping * Bing * Breaking Point 
Chewing 1 Digging * Over Ranging 


Fropiems * Leash * Busting Birds 


For: Family Dogs • Hunting Dogs • Stock Dogs "* Show Dogs • Sied Dogs « All Dogs 


HM y 


ОМ TY v Barbara Waters. Johnny Сатен, Dick 
AMERICAN FIELD, TIME MAGAZI 


Cavetie, 
TV GUIDE, HUNTING DOG, WALL STREET JOURNAL end others woridwi 


Ari Linkietier, Mer Griffin. ARTICLES: SPORTS AFIELD, 


A science engineering breakthrough! A set of unique dog-sound makers i 
fast. Small. Used from the palm of the hand. Near hypnotic control, even at 


dogs in, makes them want to please you. 


inequaled loyalty-bondin« 
(те Dr. Miller patents) dispensed by veterinarians for dog behavior. 


t condition dogs incedit 
distance, No leash need 
-sound catalyst that teaches direct to the d 
more powertull Dogs simply don't fight it. Ти 

Same instruments and syst 
low. thousands of satisfied users, 


FROM $25 TO $175 


AERODYNAMICS for R/C Pilots send 
$5.00 to Aeroconcepts, 241 Conner Plaza, 
Lewisville, TX 75067. 


SPACE/TIME CONTROL TECHNOL- 
OGY! AMAZING DATABASE CATALOG! 
m REXCO, BOX 1258, BERKELEY, CAL 

4701 


NASA LEVITATION TECH PAPERS $2 
catalog. DSR Inc., 4810 Airport Rd., Colo- 
rado Springs, CO 80916. 


KITES 
"KITES yx 
FREE COLOR CATALOG 


[| Choose from over 100 kites, IN 
Many unusual & innovative designs 

[| Can or write for your catalog today Mg 

| Into The Wind • (303) 449-5356 | 
1408-P Pear! St., Boulder, CO 80302 

та E 


ENERGY SAVING 


POCKET $50 MONTHLY! Slash cool- 
ing costs! KIM, 1407 Kansas, Kansas City, 
64127. 


ALTERNATE ENERGY 


FREE HYDROGEN FUEL and Ox: gen 
Generator uses Water and Solar Call. 
Plans and Kit $12.00. Prairie Power, Box 
8291, Edmonton, Alberta, ТӨН OLO, 
Canada. 


SURPLUS solar cells, panels, magnets. 
Catalog $2.00 refundable. Applied Photo- 
voltaics, Box 2773, Staunton, Virginia 
24401 


200 UNCONVENTIONAL ENERGY 
TECHNOLOGIES! AMAZING DATA- 
BASE CATALOG! $2: REXCO, BOX 1258, 
BERKELEY, CAL 94701 


NEW Technology. Extract electricity 
from the air Anyplace. Day or night 
Energy of the future. MPS, Box 158-PS, 
Quinter, KS 67752. 913-754-2468. 


NEW, easier way to go solar! Send SASE 
to: AirAge Industries, Box 290430, Tampa, 
FL 33687. 


EVINRUDE—OTHER BRANDS 1986 
BARGAINS... All Sizes... $2.00 Han- 
dling. Scott McCulloch parts... Electra 
Marine, 610 Merrick Road, Lynbrook, New 
York 11563. (516) 599-3003. 


BOAT KITS—PLANS—PATTERNS — 
CHOOSE FROM HUGE SELECTION — 
8'/70" — Powerboats — Sailboats — 
Houseboats — Rowboats — Hydroplanes 
— Tunnelhulls — Duckboats — Canoes — 

Kayaks — Dinghies — SUPPLIES — 
Epoxies — Fiberglass — Foam — SEND 
FOR GIANT ILLUSTRATED CATALOG 
$3.00 ($5.00. airmail)—Book “Amateur 
Boatbuilding” $6.00—CLARKCRAFT 16- 
S Aqualane, Tonawanda NY 14150. 


igh performance plywood 
mini runabout. 9 Н.Р. planes two adults. 
Full size templates and instruction booklet 
$29.95. Write: Speedcraft, PO. Box: 623, 
Utica, MI 48087. 


SUZUKI and YAMAHA Outboard parts 
free catalog direct from the factory. Save a 
great deal of money. Send $3.00 for ship- 
ping, Elite Ind, 1840 5, Gaffey SL, #220, 

ian Pedro, CA 90731. 


ENERGY, TESLA COILS, ANTIGRAV- 
ITY, UFO'S, PARANORMAL PHENO- 
MENA-IG page Information package - 
$2.00 - HEER, РО. Box 5286, Springfield, 
VA 22150. 


DO IT YOURSELF 


CATALOGS listed. Sources For 
Anything! $5.00 Catalogs. Box 92452X, 
lanta, GA 30314. 


SOLAR, GREENHOUSE, AND 
EMERGY SAVING PRODUCTS CATA- 
LOG! 80 pages. Order from one expert 
source. America’s largest energy saving 
mail order house! $100 postpaid. Solar 
Components, Dept. PS, 88 Pine, Manches- 
ter, NH 03103. 


BATTERY CLOCK MOVEMENTS. Low 
Prices. Catalog $1.00 (refundable). Yankee 
Ingenuity, Box 1135, Altus, OK 73522. 


DOG-MASTER SYSTEMS 


A division of Environmental Research Labs ©1988 


FREE CATALOG 
Please wie: 


488 Wilshire, Box 1250, Agoura Hills, CA 91301 


DO IT YOURSELF 


WIRELESS REMOTE CONTROLS of 
all kinds: ON/OFF, light dimmers for secu- 
rity, convenience. Free info. Gulfstream 
Co., Box 4746A, Dallas, TX 75208. 


SELF [| TAUGHT 


= 
START YOUR OWN BUSINESS 
Complete course, clearly written with photos and 
асат 140 pages. Everything you nee 
here to order wholesale materials. how to earn 
while you learn. How to set up your shop. 
Postpaid $40 00 (US). Visa okay. Write for details. 


NEON: Peter Horsley Publications 
115 Riverbirch Cres, SE 
Calgary, AB Canada T2C 088 


MICRO BUGS 
Highly advanced bugging equipment. Ultra 
small transmitters, concrele mics. telephone. 
pen bugs and much more. Send $2.00 to 
MICROCOM for catalog 
(REFUNDABLE). Unbeatable 
prices. 
З MICROCOM TECHNOLOGY 
Dept -O5eP 0 Box 347341 * Cleveland, OH 44134 


RARE INFORMATION 
DATABASE CATALOG! $2: REXCO, BOX 
1258, BERKELEY, CAL 94701 


DETECTION - Surveillance, Debugging, 
Kits, Latest High-Tech Catalog, $506; 
Detection Systems, 2515 E. Thomas, Suite 
16-864, Phoenix, Arizona 85016. 


SOLAR POOL HEATER, buy all parts 
locally, assemble in one day, no special 
tools or talent required, $20 for Complete 
Detailed plans. Warm Water, Suite #152, 
PO. Box 6020, Spring, TX 77391 


UNIQUE mechanisms - tools - metals - 
motors - casting - silkscreens - much more, 
catalog and sample, $2, INVENTORS: 
HARDWARE, Box 84608, Anaheim, CA 


WIRELESS CONTROL FOR SECU- 
RITY, ENERGY, GENERAL HOME - Using 
your’ computer, complete plans $9.95, 
PDSI, Box 6780, Reno, NV 89513. 


HONEST PROVEN METHODS! Get 
rich at home. All ages! Limited free litera- 
ture. Enlighten-me, 203 Lakeridge, Dal- 
las, Texas 15238. 


SURVEILLANCE-COUNTERSURVEIL- 
LANCE! Guaranteed Lowest Prices! Huj 
Catalog $5.00 (Refundable). PROTEC- 
TOR, PO. Box 520294, Salt Lake City, UT 
84152. 


ELECTROPLATING Complete textbook 
Electroplate metallics - nonmetallics. 
$11.95. Details free. Tropic, Box 95E, Palm 
Bay, FL 32906-0095 


VOICE Disguisers! FM Bugs! Telephone 
Transmitters! Phone Snoops! More! Send 
Stamped envelope: XANDI ELECTRON- 
ICS, Box 25647, Tempe AZ 85282. 


DOG OWNERS, NEW (PAT. PEND.) 
LAWN-LEVEL, UNDETECTABLE DOG 
RUN. Lawn-green Pet-TRAK™ clears 
mowers. TANGLE-FREE, REPLACES 
overhead runners, tethers, tie-outs, 
fences. NON-ELECTRIC, GUARANTEED. 
Under $50. FREE $5. COUPON/informa- 
tion: Sci-Mat Inc., Dept. PS, Box 1407, Mid- 
dleboro, MA 02346. Tel. (617) 961-3400. 


DO IT YOURSELF 
TELEPHONE LISTENING DEVICE 


Recova téephone conversabons n your alice or 
home Connects between any casseto or tape 
recorder and your telephone ine Staris avio: 
талу when phone is answered Records both 
is 01 conversabon Steps recorder when 

“phone is hung up. 


Super Powerful FM TRANSMITTER 
Many tenes пот pewerto han ater гаити 
Transits up toe mv fo any FM таво «sy 10 
Assemble КА - up o 9V battery (oot mel) 
For catalog of Transmaters, Voce бопатын and 
те soecaty tems encose $2 00 to USI Corp. 

СЫ 407 725.1000 or rand $18 96 ә $3.00 


MINATURE FM TRANSMITTER. Eas; 
to assemble kit. 1x 1%. $19.95 plus $1.50 
s/h. Other transmitters, bugging equip- 
ment, surveillance books, Catalog $2,00 
(refundable). Epsilon Co., Box 291513, Los 
Angeles, CA 90029. 


SCIENTIFIC & ELECTRONIC 
PROD 


PLANS-uild vouseli- A Parts Available In Stock 


* LC7—Burning Cutting CO; Laser $2000 
+ RUBA- Portbe Laser Ray Pisto! 20.00 
* Т0С1--3 Separate Tesla Col Pans o 1.5 MEV... 200 
* 1061—in Ray Gun 10.00 
* GRAT- Gravity Generator 100 


* EML1—Electo Magnet Coi Gun auncher 6 
KITS 
МЕТЗК —FM Voice Transmitter 3 mi Range 
AWPMK —Telephone Transmitter 3 mi Range. 
ТОЗК—250,0 Vol 10-14" Spark Tesla Col... 1 
HC2k—Simulated Multicolor Laser 
100,000 Watt Blaster Defense Device 
100,000 Volt 20 Affectve 

Range Intimidator 
+ PSP4K—Time Variant Shock Wave Pistol 
GIK- Spectacular Plasma Tomado Generator 149.50 
ҮРК See In Dark Kit 19950 
ASSEMBLED 
* PTWIK-SPECIAL EFFECT VISUAL 

PLASMA GENERATOR FOR GLOBES/NEON 


2 gebes 
= sesss S 


H 


TUBING ETC. $59.50 
з BIC10— 50,000 Voli Word s Smallest 
esla Col GRANIS 49.50 
GUA0— MW Неће Visible Red Laser Gun... 249.50 
ГАТЗО Auto Telephone Recording Device. 2450 
PV 10- See In Total Darkness IR Viewer 34950 
* LIST10—Snooper Phone Infinity Transmitter... 169.50 
* IPG70—Invsible Pain Ней Generator— 
Multi Mode 74.50 


* Catalog Containing descriptions of above plus 
hundreds more available for $1.00 or included free 
with all above orders. 


Please include $3,00 PH on all kits and products plans 
are postage paid. Send check, MO, VISA, MC in US 


fund: 
INFORMATION UNLIMITED 
P.0. BOX 716 DEPT. P8, AMHERST, NH 03031 
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DO IT YOURSELF (cont.) 


PICKS UP A WHISPER 50 FEET AWAY 
The model WAT-50 miniature FM transmitter 
uses a 4-stage circuit NOT to be confused with 
a simple wireless microphone. Simply snap the 
Unit on top of a 9V battery and you can hear 
every sound in an entire house up to 1 mile 


away! Use with any FM radio. Tunes to any 
frequency from 70mhz— 130mhz. Easy to as- 
‘semble kit includes all parts and instructions. 
Only $29.99 tax incl. 

Call or send MO, VISA, MC for immediate de- 
livery. Include $1.50 S&H. FREE SHIPPING 
оп orders of 2 or more. All orders shipped by 
U.S. Mail. COD add $4.00. Personal checks 
allow 21 days. 


DECO INDUSTRIES 


BEDFORD HILLS, NY 10507 
914-232-3878 


VCR Owners don't use head damaging 
gleaning tapes! Clean heads the way pro- 
fessionals do. Tool and detailed manual. 
$5.00, Easy. PA.R. Video, 3404 Hillcrest 
Rd., Harrisburg, PA 17109. 


REVERSE UTILITY METERS - PHONE 
PHREAKING - HACKING - Unusual 
Publications - Catalog $1.00 - (refund- 
able). Alternatives, Box АР, Carthage, TX 
7563: 


SURROUND SOUND DECODER Kit 
with Noise Reduction/Rear Speaker 
Amplifier. $39.95. Send SASE for catalog 
Del-Phone Industries, Box 150, Elmont, 
NY 11003. 


TELEPHONE TAPS Or Room Monitors. 
Ran Unlimited. +! 


800-633-TAPS. 
Catalog $3.00. LISTEN, 603 Elgin, Mus- 
kogee, OK 74401. 


Build Your Own 
SANDBLASTER 
Earn up 4009 per nour removing t nd par 
Sera, m equipment or any mela face Tha ро 
папана rt nd pat и атан ot one шне ot per eit 
ае and e Gu m ron Fen miris 
улов vs by nap quida shows now o cone a V anpra 
Ne complent machine wo. Money each Qu 


tee (f not 


Send $15 00 plus $1 00 handing to 


DESIGN PUBLICATIONS 
PO Box 102-5 
Columbia. 1 82236 


HONEST PROVEN METHODS! Get 
rich at home. All ages! Limited free litera- 
ture, Enlighten-me, 203 Lakeridge, Dal- 
las, Texas 75238 


HOME CRAFTSM, 


AMERICA'S FIRST ART: SCRIMSHAW 
AND IVORY CARVING, Over 100 Photo- 
[е DETAILED Instructions, $9.85 
бырай: Morgan Co., Box 50827, Nash- 
lle, Tn. 37205. 


FOR THE HOME 


PROTECT YOUR HOME While On 
Vacation. How-To Booklet $3.00. Protect, 
119-A Morehead St, Morganton, NC 
28655. 


TOOLS & MACHINERY 


a" METAL Cutting Lathe $109.80. Taig, 
15048 Proctor, Industry, CA 91746. 


SMALL FOUNDRY Furnace. Supplies. 
Free Literature. Pyramid Products, k 
M, 3736 South 7th Avenue, Phoenix, AZ 
85041. 


TUBING Square And Rectangular Steel 
1/2" x 1/2" To 2” x 2, 1" x 2" To 1-1/2" x 
3". List And Prices Structure, Dept B, 8498 
Brecksville Rd., Brecksville, OH 44141 


“SHARPENERS REPORT” Monthly 
Newsletter. Tips—Sources—Used Equip- 
ment. FREE Brochure. SKOG Company, 
Dept. PS8, PO 22559, Minneapolis, MN 
55422. 


LATHES — MILLING MACHINES. 
MACHINE SHOP SUPPLIES — TOOLS 


Toll Free Number For Orders 


BOLTS, SCREWS, TOOLS. WHOLE- 
SALE, DIRECT. Guaranteed. Catalog 
$1.00 (refundable). Camelot, Dept. 33, Box 
65, Bristol, Wisconsin 53104. 


NEW EASY 


MIXING MACHINE 
T3 )9 


PHASE converter, make your own. Run 
any three-phase equipment. Simple, inex- 

nsive conversion. Complete plans $15.00 
info available 812-876-2171. Western, PO. 
Box 48, Spencer, IN 47460. 


REAL ESTATE 


CALIFORNIA. Acreage. Lots. $40 down. 
$40 monthly. 4602 Ethel Ave, Sherman 
Oaks, CA 91423. 


CANADIAN COUNTRY PROPERTIES. 
Acreages for recreation, development, 
farming, fishing, hunting, investment, 
minerals, etc. OUR 73RD ‘Terms 
wae A ^ guaranteed. Catalog air- 

DIGNAM CORPORA! 


mailed (TION, 
Dept. P. 370 Dunlop St. West, Unit 807, 


Barrie, Ontario LAN 5R7, Canada. 
FREEDOM COUNTRY 
BIG acres in WESTERN MONTANA, starting at $9850. 


‘TREASURE STATE 
210 Milwaukee Street, 
Lodge, 


P5 
Montana 59722 - (406) 846-1000. 


MONTANA LAND 


20 Acres (or more) starting at $9750. Near 
Beautiful Yellowstone Park and National 
Forests. In the heart of trophy eik, deer 
moose, antelope and turkey hunting. Blue 
ribbon trout streams. Guaranteed Ac- 
cess. INSURED TITLE AND WARRANTY 
DEED. Your І; Welcomed. Free 
Color Brochure. 
Call Today TOLL FREE: 1-800-252-5263 
Yellowstone Basin y Properties 
1119 
PS, oy Lex 3027 
ey MT 59772-3027 
(406) 587-5469 


GOVERNMENT HOMES. Delinquent 
tax property. Re sions. Call 805-687- 
6000 Ext. GI current repo list. 


FORMER FHA PROPERTY OWNERS 
could qualify for GOVERNMENT 
REFUND. Kit $5.00. Refund Consultant, 
Box 169, Middlebury, IN 46540. 


NEW YORK LAND BARGAINS - West- 
ern Adironack area. Prime acreage from 
$4,900. Brochure. Also, "What You Should 
Know About Real Estate Today". т 
LAND, 175 5th Ave., Suite P2321, NY, 
10010, 212 645-3652. 


BUY IT WHOLESALE 


CLOSEOUTS! Wholesale! Overruns! 
Freebies! Information (stamp): DDN, Box 


20152-G, Ferndale, Michigan 48220. 


ry charges, wat 
toys. a Dees ‘Closeout, Send $1 OO fer whole, 
le price list. Techniart Ine., PO. Box 500, 
Unionville, CT 06085. 


Commescaran cane, Start yous cim 


business-buy for resale-trucks, boats, 4- 
wheelers, TV's, stereos, furniture by Drug 
Enforcement Agency, FBI, IRS. Unbeliev- 


able bargains on late models, Available 
your area now. Call (805) 569-1191 Ext. C- 
1042. 


Build Your Own Busini 
Start on a shoestring, in your spare tim 
Unlimited income potential. No experiend 
necessary, we will show you how. Write! 
FREE business pian outline. 


NATIONAL BUSINESS 
206 N. Springboro Pike Dayton. Ohio 4: 


WHOLESALE PARTS| 
184 page catalog 
Replacement parts for 
outdoor Power Equipment 
COMMERCIAL, HOMEOWNER, 
RECREATIONAL. 
LS. THORPE CO., INC. 
РО. BOX 45245 DEPT M 
SOMERVILLE MA 02145 


Below Whole- 
Liquidations 
Single Sampl 
Single 

Box 1409-B, Holland, MI 49422. 


AMAZING MONEYMAKERS 
hed! Catal ВЕ 18628-6, San 
patente 78218-06: 806 


PEEL/STICK Labels. Dropshipped 
FASTI! 94 Samples (48 with YOUR name/ 
address): $100. Heinz, Port Reading, NJ 
07064-0215. 


MAILORDER Opportunity: — Start 
profitable home business without experi- 
ence or capital. Write for free book, plus 
details. Mail Order Associates, Inc., Dept. 
586, Montvale, NJ 07645. 


SOLAR-battery charger, watches, and 
lk рее closeout. Sent $1.00 for whole- 
sale price list. Techniart Inc., PO. Box 500, 
Unionville, CT 


can EQUALIZERS, 
AMPLIFIERS, Speakers, Woofers, Tweet- 
ers, CB Radios, Radar Detectors, And 
More. Low Prices. Large Catalog - $1.00. 
Electrisonic - J1, 8400 Alameda, El Paso, 
Texas 79907. 


BUSINESS OPPORTUNITIES 


RECONDITION BATTERIES. Easily 
Earn Hundreds Weekly. Untold Secrets. 
Free Information. Battery Outlet, Box 
3300-S, Hickory, NC 28603. 


bg! iscovery in Battery recondition- 
inj hteen months guarantee! Means 
Big Profits Fast! Electoan, 7415 Gable Dr. 
Little Rock, AR 72205. 


IMPORT-Export opportunity, profitable 
world-wide, mail order business from 
home, without capital. We ship plan for no 
3 examination, Experience unneces- 
Free Report. Mellinger, Dept. N2699, 
Woodland Hills, California 91367, 


BUMPER Sticker Printer. Cheap, Sim- 
Portable, Free details Bumper РОВ 
ZETA Tampa, FL 33622. 


LEARN MIRROR RESILVERING, Free 
Information. Silvercraft, Box 127, Lans- 
downe, PA 19050. 


details: Hydraulic Parts S piri 
tails. Hydraulic Parts Supply, Dept. S, 
Box 4157, aun Pare, TX IRE. 


RECYCLE METALS. NO, NOT BEER 
(CANS! Easy $458 weekly! Free informa- 
tion, Hornsbys, Box 1214, Franklin, TN 
37065-1214. 


MAKE HOMEMADE BOOKLETS. ГУЕ 
— à $187,000 матн! MINE. MONEY 

STOPS! information: 
Dasher, PO. Bor 109, so" Gatlinburg, TN 
37138. 


ADVERTISE free іп 507 Magazines. 
$5.00. Directory, Box 11W, Atlanta, GA 


gamut elton ойыр 
ri i leekly its operating 
Small Manufacturing business Without 
Investment write: Businesses, 92-P Brigh- 
ton 1th, Brooklyn, NY 11235. 


$192.00 FROM Square Foot Plywood 
(Huge Demand) Revealing Proof 50e 
(Refundable), Woodwins, Bridgewater, MA 
02324. 


$40,000 ON 1/3 ACRE! New 
ics—inexpensive, pleasant, practical! 
information. Planter's, Box 1214, Frankll 
TN 37065-1214. | 


$200 - $500 weekly - AT HOMEN 
immicks - Details FREE ронса 
, Box 636679, Margate, FL 33063. 


MAKE 
Weekends! FREE 
TIONS: Funnymai 
Alexandria Bay, NY 


MAKE Rubber Stamps. Highly Prol 
able Business. Free Details. 
22809 (LLC), Tampa, FL 33622. 


TAKE Catalog Orders. We drop.s 
2955 best-selling specialty products. 

get, below wholesale prices. Immedi 
lelivery. Spectacular home business oj 
tunity. Free Book. SMC. 9401 De Soto 
Dept. 28-92, Chatsworth, CA 91311-4 


GET RICHI Secret law smashes debt 
brings cash credit! Details PREEN Weal 
Box 4036, Pompano, FL 33063. 


,000 LOANS INTEREST 
sone Federal law WIPES OUT 
Details PREEN Moneywise-S, Box 6366 
Margate, FL 33063. 


PIANO TUNING PAYS: Learn 
approved home study course. Dipl 
American Tuning School, 17 

Hier Dr. Morgan Hill CX 98097 


SCWL Subliminal Tapes Wholesal 
Write: Life Enhancement, 811 Moul 
Madison Hgts., MI 4807, 


MILLIONAIRE. 
Reveals Money-Making 
Exciting, Hour Cassette: Melvyn Powe 
No. Hollywood, CA 91609. 


CONCRETE Block Machinery; Catal 
$1.00. Route One, Box 3740, Rapid Сй 
South Dakota 57702-3740. 


SPARE time fortune in Vinyl 
Huge demand creates exceptional pro 
We supply everything, Details free. 
2036 Montrose, CI 60618. 


EARNINGS Unlimited! Mail Our Bi 
E Alarm Advertisements From Hot 

M Merchandising, Box 59314, Chi 
IL 60659. 


$10,000 MONTHLY Taking Phoi 
graphs at Home! Call recorded messag 
80 ) 674-8155. 


QET RICH using OTHER PEOPLE 
МОМЕҮП nique amazing busine: 
Details FREE! 
gate, FL 33063. 


‘inance-S, Box 4605, Ms 


(LLC), Tampa, FL 33623. 


PROFITABLE Gold Foil Printer. Perse 
alize business cards, pencils, matches. Fr 
Details. Gold, РОВ 24986 (LLC), Тат 

L 33623. 


$40 - sicarios Restore Damag 
Counterto WITHOUT IPLAGRNMN 

illions of apartments, homes pay pro! 
immediately! Free Information. RENE} 
РО. Box 9900-SS, Vancouver, WA 98664 
MAKE BIG MONEY REPAIRING WIN. 
SHIELDS, & Plate Glass! Up to $60,0 
yearly! Call TOLL-FREE for Valual 


FREE report. +800-32+2597. Gli 
Weld Systems, Box 5755-C8, Bend, С 
97708. 


98 | POPULAR SCIENCE 


NATIONS'S BEST HOME BUSINESS 
PPORTUNITIES. Free subscription. 
end name, address, zip to: Sj Time 
agazine, Dept. D2-88, 5810 West Okla. 
oma Avenue, Milwaukee, WI 53219. 


ALUMINUM Recycle 
ourself—MAKE UP TO $25.00/ 
OUND! FREE Information: Industrial - 
vx Box 127, Alexandria Bay, New York, 


ENJOY MAKING $2500 WEEKLY 
ELLING CASSETTES BY MAIL. Free 
ape Tells How: Smartmove, Box 927-A, 
eene, TX 76059. 


MAKE $7,000 monthly as Loan Broker 
ithout investment/experience. Financial 
ox 4309-Y, West Covina, CA 91791. 


$15,000 MONTHLY INCOME! Easy 
foneymaking Plan. No Investment. 
nene Box 5529-Y, Diamond Bar, CA 
1765. 


CLIP NEWSPAPER ITEMS. 53.530 
ach. Free Details. Enterprise, Box 8009- Y, 
owland Heights, CA 91748. 


GET PAID for reading books! Write: 
RU -XP6, 161 Lincolnway, North Aurora, 
6054: 


FINANCIAL INDEPENDENCE, Start 
our own PROFITABLE BUSINESS at 
ome. Free details. Unique Conce| d 
)290 Monte Vista, Montclair, CA 917¢ 


MAKE High Profit, Hot Selling License 
lates, VACUM. AGIC, PO Box 
1986 (LLC), Tampa, FL 33623. 


CONCRETE pouring table plans $2.00 
ore Ine, Box 1774 Darlington, SC 
53; 


$500 wi ing ads. Network 
sive iat [md 51063, Durham, NC 
717. 


NEED MONEY? Obtain Grants, Signa- 
ire Loans, Business Loans. Details. 
pen #8-Y, Box 5499, Diamond Bar, СА 


$45.00/$90.00 HOUR REPAIRING 

ROCELAIN tubs, sinks, tile start today! 
or information: Send $2.00, Gator Porce- 
іп, Box 678618, Orlando, FL 32867. 


MAILORDER Opportunity: Start 
rofitable home business without ех 

ce or capital. Information free. Mail 
rder Associates, Inc., Dept. 587, Mont- 
ale, NJ 07645. 


Be Or Not to Be, Rich or poor the 
wice is yours, Send for free details. Man- 
Js Enterprise, PS8, Suite 240, 1126S Fed- 
al Hwy., Ft. Lauderdale, FL 33316. 


$1,000's WEEKLY processing mail. 
art immediately! Postage/Supplies fur: 
shed! Details - Sage. Opportunities, Box 
D9PS, Brooklyn, NY 11 


MAKE MONEY by the minute around 
е clock by doing 4 hours a week paper- 
ork from home. Grows to a life time 
соте, Free report. Surico, Dept. 88PS, 
35 E. 9th St., Long Beach, CA 90813. 


DISCOVER HOW TO Start your own 


uccessful Business at home. Seven 
rofitable businesses revealed. Free 
»tails. 


Guaranteed. Webster Og res 
ve Publishing, 777 Hawthorne Place, 
lebster, NY 14580. 


$3,000 MONTHLY with zero invest- 
ment! Unlimited potential with risk-free 
business. Free details: TXI, 5764 "D" St., 
San Bernardino, CA 92407. 


FANTASTIC Home Business Oj 
ties! Free information. HOME! 
Box 370468, Montara, CA 94037. 


TUFF-MATE, "NEW AND HOT" Our 
salesmen/distributors soon become rich 
Uncles and Aunts. Read plastics 
classifications. 


rtuni- 


'ALTH, 


PROFITABLE HOME BUSINESSES. 
Free information GUARANTEED SATIS- 
FACTION Rush Stamped стед : Lang 
and Associates, 709] Ted Lane, 
Chanhassen, MN 55317. 


ENJOY $60,000 YEARLY FROM 
WEEKEND FLEA MARKETS! | have for 
years! NEW MANUAL reveals HIDDEN 
METHODS for MULTIPLYING SALES of 

yy product or service. Free information. 

elife, Box 62, Geneva, FL 32732. 


BANK LOANS, complete manual on how 
to get the most money. Make presentations. 
Free details. Success Initiatives, Box 190- 
EN, Evergreen, CO 80439. 


STARTING VOUR OWN SUCCESS- 
FUL BUSINESS. FREE Subscription to 
Qpportunity Magazine tells how. Write: 

Opportunity, Dept. 036, 6 N. Michigan, 
Chicago, IL 60602. 


WATER PURIFICATION. 
DRINK TER! Ноте Distil 
ers. Discount Pricest 800-874-9028. 


WATERWISE, Box 45981, Center Hill, FL 
33514-0459. 


TESTED PUREST!!! Home Distillers. 
Free Information. Bestway, Box 316, Mata- 
moras, PA 18336. 


GOOD EATING 


DELICIOUS JERKY. Make At Home, 
Save $. Beef Or Game. Recipes And 
Instructions. Send $3.50 to: Landing Place, 
1352 Ramona Ave., Salinas, CA 93906. 


UNIQUE new idea: "Biochemical Inter- 
nal Skin Care." Tells you how an adequate 
nutrition enhances formation of elastin, 
m skin, nice complexion. 5pgs folio, 

This offer valid four months. 
Andrey Rusz, PO. Box 49-Al, Coorai 
2265, AUSTRALIA. Please print 


BETTER HEALTH 


LEAKY FAUCET? Halt URINARY 
DRIBBLING, guaranteed! $2.00. Med-key, 
Box 4, Conception, Mo. 64433. 

"Uncle David's Way" 


STOP SMOKING 
Copyrighted Instruction Kit $3.00. PO. 
Box 575, Bagdad, FL 32530. 


WINEMAKING 
WINEMAKERS —| Free 
Catalog. Fast Service. Large Selection. 


Kraus. Box 7850-N Independence, MO 
64053. 


WINEMAKERS -Beermakers Free Cata- 
log, Low Prices, Free Recipes. Cellar-S, 
Box 33525, Seattle, WA 98133. 


HOME BREWING 
FREE com] 


Catalog/Newsletter. William's 
P8, San Leandro, CA 94577. 


rehensive 
x 2195- 


SATELLITE TV 


SKYVISION I V INC. 
2026 COLLEGE 
FERGUS FALLS. MN 56537 
INSTALL OR UPDATE YOURSELF! 


DESCRAMBLER: Build your own inde- 
pendent Videocipher II descrambler and 
receive free Satellite TV pictures. Simple 
instructions, Radio Shack parts list and 
circuit board, only $49.00 (US.) Send 
Cheque or MO ‘payable eC A; ORAU 
Box 1927 Halifax North, N.S. Canada, ВЗК 

4. 


VIDEOCYPHER SATELLITE DE- 
SCRAMBLER SCHEMATICS (Complete 
Set) Audio & Video Parts list - much more! 
$14.95. The Stage Door Video, PO. Box 
576, Burnsville, NC 28714. 


“SCRAMBLE FACTS” Call 718-343- 
0130 to hear a 3 minute weekly program on 
the latest developments in the satellite 
industry. 


VIDEO 


Multi-Channel Microwave 
T.V. Receivers 


192704 Parabolic Dish a» ob Gain 
LIFETIME WARRANTY 


"ete System 599 95 брон rc) 
Кл 

кистин 

DES 


LOWER Back Pain? New cure, Simple 
exercise, Guaranteed, базе. $5.00. 
Cambest, 980 Kings Estate Rd., St. Augus- 
tine, FL 32086. 


HEARING AIDS 


HUGE SAVINGS. Eliminate dealer 
markup. Free Trial. Batteries wholesale. 
‘Terms Arranged. Lloyds-PSC, Rockford, IL 
61104. Call 1/800/323-1212 Toll Free. 


GET PAID for reading books! Write: 
ase XM, 161 Lincolnway, North Aurora, 
" 42. 


$85. MAKES $55,000+. SELL 
EPORTS MULT! LEVEL BY MAIL. FREE 
(FORMATION. SASE. "MONEY". Box 
06, Holcomb, Kansas 67851. 


ENTREPRENEURS ONLY! FREE 

OOK on marketing, money and publish- 
170pgs stimulating ideas. Sperry (PS) 

108 Tennessee, New Orleans, LA 70117. 


MIA MONEY Gi make Hai happy! Excit- 
Е details FREE! JBC, Box 064, Westmin- 
er, MD 21157. 


WEALTHI MAKE 3535395 
EPORTS. Free Details. Paraone, Dept. 
5 DI 273, Chilliwack, BC Canadi 


GOVERNMENT - FORECLOSURES 
uy dirt cheap. Re-sell for immediate 
rofits. Secrets revealed! Free Brochure. 
ox 5000A, #412, Danville, CA 94526. 


Q HEARING AIDS 
PRICE CATALOG FREE! 
UPER SAVINGS! Newest. Finest. All 
V уез. Buy DIRECT & save up to HALF! 
AIR MAIL on HOME 

W TRIAL. FREE Catalog. Write: 


1 fg ана DES 
V 590088 са 91343 
BODY BUILDING 


Langdon Ave.. 


RESTORES RENTAL MOVIES. Connects 
between VCRs. $59.95. 1-800-338-8751. 


VIDEO, Electronic Kits Catalo, 
Video Vibes, 670 Central Park 
Yonkers, NY 107 


More. 
venue, 
(914) 476-4864. 


"WIRELESS VIDEO TRANSMITTERS, 
details send $1.00, Daniel Glen Market- 
ing, Dept. 202, 3619-112A St., Edmonton, 
Alberta, Canada T6J 1J9. 


COPYGUARD PROBLEMS? FREE 
INFORMATIVE article on building your 
own Macroscrubber to restore rental 
movies. CALL. FREE ANYTIME 
1-800-229-8529 or send to: Macro- 
scrubber, PO Box 800, Mansfield, MA 


RENTAL MOVIE 
STABILIZER 
© Ends flashing, colorshift, 


orders only 1-800-422-9010 x 4065 
IM Video. Dept. PS8. 400 Amherst, Nashua NH 03065] 


PRINTING SERVICES 


QUALITY Thermographed Business 
Cards. 1,000 Postpaid $18.95. PRINTER - 
Box 615, Dunsmuir, CA 96025. 


CABLE EQUIPMENT 


CABLE TV Descrambler Plans $3.00. 
Stevens-PS, Box 20286, Bowling Green, 
KY 42102. 


CABLE TV DESCRAMBLERS 
Why Pay a High Monthly Fee? 


Jerrold. Oak. Hamlin, Scientific Atlanta, Zenith, and more! 
60 day warranty, Shipment within 24 hrs, For fast serv- 


ice MC VISA C.O.D. Telephone orders accepted. Eve- 
ning hrs. also. (312) 698-1258. Stamped Envelope (.44¢) 
postage for FREE catalog. No. Ill. orders. 
L & L ELECTRONICS. 
1430 Miner St., Suite 522 
Des Plaines, III. 60016 


TV Converters, Rem 
fon Beeping Any Channel 1313970. 8040. 


CABLE TV CONVERTER/DESCRAM- 
BLERS - Wholesale Prices - Jerrold, 
Тосот, Oak; remotes, converters, decoders, 
plans, kits. Free Catalog. ARIZONA 
VIDEO. 7739 E. Broadway, #108, Tucson, 
Arizona, 85710. (602) 323-3330. 


FREE CABLE TV CATALOG: Contains 
someofthe most unusually revealing cable 
TV products and publications on the mar- 
ket. CALL TODAY TOLL FREE 
1-800-227-8529 
Cable TV Catalog #02, PO Box 800, Mans- 
field, MA 02048. 


(CABLE TV CONVERTERS We sell only 
the best low prices, we Mino ‘OD. $2.00 for 
catalog Ace Products, P.O. Box 582, Dept S, 
Saco, ME 04072, (207) 967-0726, 


CABLE TV DESCRAMBLERS - Origi- 
nal Factory Tocom, Zenith, Scientific 
Atlanta, Oak - FREE CATALOG - SWES, 
(602) 577-3524. 


CABLE TV AT IT'S BEST. Zenith, Jer- 
old, Oak, Scientific Atlanta, SB- 
$74.00. ` TRI-Bi's..$9500. Zoni 
@-Tac)... 3169.00. FULL LINE OF DE- 
SCRAMBLERS 


CONVERTERS. N.A.S. 
INTERNATIONAL (213) 631-3562 


CABLE TV SECRETS - the outlaw pub- 
lication the cable companies tried to ban. 
HBO, Movie Channel, Showtime, Des: 
cramblers, Converter: Supplier list 
included. $8.95, Cable Facts, Box TILPS, 
Pataskala, OH 43062. 


CABLE TV CONVERTERS Scientific 
Atlanta, Jerrold, Oak, Zenith, Hamlin. 
Many others. *NEW" VIDEO HOPPER 
“The Copy Killer", Visa, M/C & AMEX 
+800-826-7623. B&B Inc., 10517 Upton 
Circle, Bloomington, MN 55431. 


HOBBIES & COLLECTION 


MILITARY Medals Catalogue $1.00. Sub- 
scription $8.00. Vernon, Box 1387PS, N. 
Baldwin, NY 11510. 


SAVE! Exin 
DAL LL 
Cars & buggies 
* General hobbies » озде: | 
* Ready-to-go boats & planes 
Science equipment 
e Trains 
Top quality, name brand items, from mail 
order specialists for over 14 years. 
Standard Hobby 
а 
Вох 736, Dept. 5-1 
Mahwah, N.J. 07430 


ROCK COLLECTORS! Prehistoric Ten- 
nessee Coral and Fossils. 116 - 24% inch 
pee $5.00. EBCO, Route One, Box 777P, 

nion Grove, AL 35175. 


COMPUTERS 
COMMODORE/AMIGA CHIPS, etc. 
Low cost. Kasaramicro, 1-800-248-2983. 


RECORDS & TAPES 


COMPACT DISCS. Your Music! Bar- 
gains! Catalog $1.00. Tower, Dunkirk, MD 
754-0213. 


RADIO/TV 
Scanners, Marine Radios. 


POLICE 
Fanon. HPR, Box 19224PS, Denver, CO 
80219. 
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SCIENCE & CHEMISTRY 


225 PAGES! 1988 Glassware, chemi- 
cals, equipment, books, experiments, 
DINOSAURS and chai Most compre- 
hensive catalog offered by anyone in this 
column. Established 1970. $3.00(US) 

Analytical Scientific, 
11049 Bandera San Antonio, TX 78250. 
(512) 684-7373 VISA. 


EMERALD (CHEMICAL INC. We 
Supply Your Chemical And Equipment 
Needs. National Tel: 1-800-431-5511, 
Washington ‘Tel: 1-800-562-6794. Order 
Directly Or Inguire About Reference Cata- 
logs. 1409 E Madison, Seattle, WA 98122. 

“EXPERIMENTERS” LABORATORY 
CHEMICALS - GLASSWARE, Catalogue 
51.50. established 1953 Hagenow Labora- 
tories, 1302 Washington, Manitowoc, Wis- 
consin 54220, 

CHEMICALS 
LAB EQUIPMENT 
GLASSWARE 
Moe, 


E 
NOCT S 
= 

pn 


Т 
x" 
WILL CALLS WELCOME. 


OPEN SATURDAY 9—4 
DUSTRIAL CHEMICAL & 


WATS 1-800-392-4047" $3. 


PLASTICS 


CASTOLITE Liquid Plastics. Crystal 
clear, colors. For casting, embedding, coat- 
ing, fiberglassing, repairing and reproduc- 
ing’ with, our Mold Making Supplies 
Catalog $2.00. CASTOLITE, Dept.88K/PS, 
Box 391, Woodstock, IL 6009 


FF-MATE, Rapid Set Li 
REVOLUTIONARY! Its usefulness пайи: 
ited, Sells fast everywhere. Read why and 
how! "Motorhoming couple fleamarkets 
$100,000.00 + yearound” MAILED FREE 
Continental/Chemlok, Inc, Drawer 138; 
Marthaville, Missouri 63357-0138, 


Plastic. 


BOOKS & MAGAZINES 
TEACHER TRICKS - Handbook for 
teachers, $5.00. 1909 Sunset Dr., Walla 
Walla, WA 99362, 


NO COST and low cost books, booklets, 
periodicals, Thousands of titles. Special 
report lists the sources. $3.50. RL Sorel 
Company, 1126 Route 44, Raynham, MA 
02767. 


EDUCATION & INSTRUCTION 
mr Lifetime. Ordination. Become 


Chaplain, Missionary Evan тве ishop. 
Box 744-PS, McKeesport, PÀ 15134. 


SUPERLEARNING! Triple learning 
speed through music! Develop Supermem- 
ory; control stress. Free—book excerpt & 
catalog. Superlearning, 450-PS8 Seventh 
Avenue, N.Y.C. 10123. 

AUC- 


"WORLD WIDE COLLEGE OF 
Since 1933. Term 


TIONEERING, INC. im 
Soon. prea Catalog COE: Gordon E. Taylor, 
Box 949, Dept. 3 Mason City, A 50401. SI5/ 
42. 


PARALEGAL С! CURRICULUM. 
Approved in-depth training by correspon- 
dence. BLACKSTONE SCHOOL OF LAW: 
100 years of legal training. Write for free 

talog. PO. Box 790906, Dept. PS, Dallas, 
TX 75319. 


HIGH SCHOOL at home, diploma 
awarded. Low monthly payments. No 
classes, information free. Phone free 1-800- 
228-5600, or write: American School, Dept. 
#347,850 E. 58th St., Chicago, IL 60637. 


NEON ART & TUBE BENDING 
SCHOOL-Popularity of neon is гю 
Learn thie specialized skill. Employment 
opportunities num 
BROCHURE. 3130-B S.E. ree 
Portland, OR 97214 503/239-5309. 


LOCKSMITHING: Free book. Locksmi- 
thing Institute, Dept. 311-088, Little Falls, 
NJ 07424. 


1988 CAREER GUIDE. Earn 
more money with Success Proven 
Correspondence Diploma Courses. Gran- 
ton Institute, 263B Adelaide Street West, 
"Toronto Canada. 


HANDLE YOUR OWN LEGAL. 
AFFAIRS. Be a Paralegal. Accredited 
Attorney Instruction. Home Study. FREE 
CATALOG. Southern Career Institute, 
Drawer 88PS-2158, Boca Raton, FL 33427. 
(305) 368-2522. 


FULLY APPROVED UNIVERSITY 
DEGREES! Economical home study for 
Bachelors, Masters, ., FULLY 
APPROVED by California State Depart- 
ment of Education. Prestigious faculty 
counsels for independent study and life 
experience credits (5,100 enrolled stu- 
dents, 500 faculty). FREE INFORMATION 
— Richard Crews, M.D. (Harvard), Presi- 
dent, Columbia Pacific University, Depart- 
ment 2R58 1415 Third Street, San Rafael, 
CA 94901. Toll Free: (800) 227-0119; Cali- 
fornia: (800) 552-5522; or (415) 459-1650. 


GENIUS 1-2-3! State-of-the-art Brain- 
building Techniques! Free Information 
Advanced Learning Institute, Drawer 
12810-LABI, Jackson, MS 39236. 


VILLARREAL NATIONAL UNIVERSITY. 
Fully accredited state university, 45,000 
students on campus. Offering non-residen- 
tial Masters and Doctorate dej 
Inquire: International Program c/o Inter- 
national Educational Consultants, 4521 
Campus Dr., Suite 444Q, Irvine, CA 92715. 


FREE COLLEGE External 
Degrees Bus./Pub. reo ine (Qualified 
Bar) Accredited, Fin. Aid 314-469-9933. 
800-847-0005. LA SALLE UNIVERSITY, 
St. Louis, Missouri 63146-3202. 


Stutter? 


BREAK THAT HABIT NOW! Leara fent, Normal 
cht [2 


Refundable if not helped. 
today: TED EMERY, Box 867-PS2, Winter Park, FL 
31790, (407) 671-7731. 


Order "CUSTOM MADE" 


RUBBER STAMPS 


pe 

UP TO 4 LINES only $9 
(Max.30 letters per line) 

, NK PADS only $1.95 


‘Add 25¢ per tem lor postage 
77 SATISFACTION GUARANTEED. 
FASTSERVICE- Your Order Shipped in 5 days! 


QUALITY Stamp Mtg. Box 35514-5, Tulsa, OK 74153. 
INVENTIONS WANTED 
INVENTORS! Confused? Hed к 
Call AIM for free information kit. In U.S. 
and Canada. Toll free: 1-800-225-5800. 
IDEAS, INVENTIONS, NEW 
PRODUCTS WANTED FOR 
Presentation to industry and exhibition at 


national innovation exposition. Call free 1- 
800-288-IDEA. Or write: 


NEW IDEA? Innovation Center in Wash- 
ington, D.C. will assist you through 
RESEARCH and JENTI Free 
Kit— 1-800-628-2828. 

INVENTIONS Developed Marketed. 
Free Invention Certificates. MANUFAC- 
TURERS REPRESENTATIVE, Suite 3615- 
A ek Building, New New York, NY 


NEEDING Assistance? PATENT- 
1155 Con- 


VESTMENT INTERNATIONAL, 
necticut #300 Washington, DC 20036- 
4306. 


LEARN how to offer your invention for 
sale or license. Free booklet outlines proce- 
dures, royalty rates, requirements. Kessler 
Sales Corporation, C-7-1W, Fremont, Ohio 
43420. 


FOR INVENTORS 


PATENT IT ECONOMICALLY! Free 
details. Licensed since 1958. Rainer Asso- 
ciates, 2008 Fondulac, Richmond, VA 
23229. 


INVENTORS! Can you patent and profit 
from your idea? Call or write for your free 
information package. Over a decade of 
service. AMERICAN INVENTORS COR- 
PORATION, 82 Broad Street, Dept. PS, 
Westfield, Massachusetts, 01086. 1-800- 
338-5656. In Massachusetts or Canada call 
(413) 568-3753. 


ITENT AND DEVELOP Your Inven- 
tion E Anl Pub Agee d 
Licensed Professional Engineer, Send for 
FREE INFORMATION Every 


ens ‘Should Have. Richard L. Miller, 
12 Parkside Drive, Suite-N, Dix Hills, NY 
11746. (516) 499-4343. 


help for Inventors! No charge for 
recording forms and evaluation. Affiliated 
Inventors Foundation, 501-A Iowa, Colo- 
rado Springs, CO 80909, or Toll Free 1-800- 
525-5885. 


FREE information on oflering your 
invention for sale. Kessler Sales Corpora- 
tion, C-7-FI, Fremont, Ohio 43420. 


WANTED: Amateur 
Engine Energyologist, to 
estate. 1-314-435-9290. 


Experimental 
inherit my 


INVENTION RESOURCES. Box 99141, 
San Francisco 94109. R&D, Manufactur- 
ing, Marketing, Finance. 


OLD GOLD, JEWELRY WANTED 


HIGHEST CASH for Gold, Jewelry, Gold 
Teeth, Rings, Diamonds, Watches, Silver, 
Platinum. Mail Articles Today. Free gift 
with Information. Chicago Gold & Pre- 
cious Metals, 10 S. Wabash, Dept. 1257, 
Chicago, 60603. б 


TAKE NO CHANCES. Deal with oldest, 
most reliable firm in old gold business. 
Established 1934. We buy Gold, Silver, 
Platinum, Diamonds. Highest Cash. Free 
information. Industries, 29-Y East 
Madison, Chicago 60602. 


AIR CONDITIONING 
FREE Brochures. Repair air condition- 
ing, Refrigeration, Gas Heating, full 
instructions. Doolco, Inc., 11252 Good- 
night, Dallas, TX 75229. 
винят 
55е dozen (Catal 


CLOSEOUT Je 
25е). Roussels, 107- is Dow, Аа 
MA 02174-7199. 


SPORTING GOODS 
WORLDS la 


est selection of black- 


MOTION PICTURES 


TRANSFER HOME MOVIES TO VIDEO 
TAPE! Rediscover memories most 50ft. 
reels, from $3.95. Easy, Guaranteed. FREE 
Information. TBC, 738 Delvalle, Fillmore, 
CA 93015. 


CATALOGS BROCHURES 


SAVE MONEY Send $1.00 for catalo, 
REFUNDABLE Cloisonne, Porcelain, col 
lectibles, Brass. B&J Enterprises, PO: Box 
26784, Phoenix, AZ 85068. 


RAZOR BLADES, SHAVERS 
DOUBLE Razor Blade Life. Sase $2.00. 
ldea's Unlimited, Box 5191, Cheboygan, 
MI 49721. 


FOREIGN PERIODICALS 


MONEYMAKING 
OPPORTUNITIES 
GET RICHI! Secret law smashes debts. 


brings cash credit! FREE report!! Wealth-, 
Kits, Box 4036, Pompano, FL 33063. 


FORECLOSURES by IRS being sold for 
back taxes. Also repossessed VÀ and HUD| 


homes from $1, you repair. No credit 
checks. Unbelievable opportunities. CALL) 
(805) 569-1191 Ext. H-1043 for repro list 
your area. 


WIN Thousands with my Blackjack Sys 
tem! Learn in two hours. Guaranteed! Send 
$7.95 or Free Details. Blackjack, РО. Box, 
12467, Beaumont, TX 77706, Dept. PS8. 


year I made 387,000! So Can You! 
Guaranteed! Send $8.95 or Free Details. 
Money, PO. Box 12467, Beaumont, TX 
77706, Dept. PS8. 


FLEA MARKET operations manual. 
$9.95. Pox, PO Box 87, Franklin Park, NJ 
0882: 


MAKING EXTRA MADE EASY. 
FREE Subscription to Opportunity Maga- 
zine offers hundreds of proven ways. Write: 

Opportunity, Dept. 037, 6 N. Michigan, 
Chicago, IL 60602. 


MAILORDER Treasures Send $290. 
Lorne Jahnke, #109-7035 Balmdral St., 
Burnaby, B.C. V5E 144. 


BUMPERSTICKER Printer. Cheap, 
sans Portable. Free Details. Bumper, 
22791 (LLD), Tampa, FL 33622. 


EARN Money. Companies Need Home- 
workers, No Experience. Call Lisa 1-813- 
545-8421. 


U.S. Government Jobs NOW HIRING 
your area. $16,000-$68,000. Call (805) 
569-1191 Ext. J-1007 for current federal 
ist. 


HIGH Profits T-Shirts Caps. Inexpen- 
sive, transfer machines, supplies, Press, 
PO. Box 22809-LLD, Tampa, FL 33623. 


MISCELLANEOUS 


AIDS, PRODUCTS, MATERIALS. 5) ре, 
cially Designed for the Handicapped. 
page catalog $4.00 (refundable), Yankee 

Ingenuity, РО. Box 1138, Altus, OK 73521. 


SUN TRACKER Electronic ci кее} 
your solar devices ем ры toward вип. it 
$15.00 Postpaid Sore Thumb Proj- 


ects, PO. Box 182, Owingsville, KY 4036 
REMAILING SERVICES 
CONFIDENTIAL Mail Recei /For- 
warding. Mail Drop, Box 18039PS, 
Orlando, FL 32860. 
BUSINESS SERVICES 


800# AD response answering service. 
Nationwide and Canada. 24 hours. Leads: 
credit card orders (800) 541-0900. 


MAILING LISTS 


NEW ACTIVE NAMES! 

RANDOM STATES Available! IMMEDI- 
ATE андер Adhesive Labels— 
Guaranteed rtunity Seekers 500/ 
$25; 1000/$40. p ers. Advon, Drawer B6, 
Shelley, ID 83274. Visa/MC/AmEx. 1-800- 
992-3866. 


FRESH quality, responsive computer- 
ized guaranteed’ mailing lists! Zip 
sequence, Peel Stick labels. Any category 
$4.00 hundred, $30 thousand. Mailco. 
1418 Homan, Fort Worth, TX 76106-9055 


HIGH Quality List Don't Be Misled We 
Have Nineteen Catagories To Choose 
From. Send Sase. E.J. Keefe & Associates 
3012 Killybrooke Ln., Costa Mesa, CA 
92626. 


“RED-HOT, MAILORDER cU 
FILL YOUR MAILBOX 


CASH ¢ ORDERS 


RCARO COD ORDERS ACCEPTED. ear 
то дё orf tke advantage of o 

FREE MAILING UST CONSULTATION SERVICE, «0 
lease colour TOLL FREE NUMBER. 800-356-0664 
NQustMASTERS. DEPT, P 12 BOY 750, WANTAGH. NY 117934 


100 | POPULAR SCIENCE 


JOKES & NOVELTIES 


| FREE КТЕ Things you never knew 
ixisted! 1600 Novelties, Jokes, Science, 
Tobbies, Surprises. Johnson-Smith, F-03, 
гадепќоп, FL 34203-3796. 


FREE Catalog! Things you never knew 
xisted! 1600 Novelties, Jokes, Science, 
Tobbies, Surprises. Johnson-Smith, F-03, 
jradenton, FL 34203-3796. 


PRANKS/MAGIC! Catalog 25%. Gar- 
1er's, 1755P Rio Vista, Salem, OR 97302. 


PERSONAL 


DAVID GUARDINO Psychic To The Stars 

Celebrities, Can help you obtain love, 
ealth, wealth. Call or write anytime. 
avid Guardino in care of M.G.G., PO Box 
38, Clarksville, Tennessee 37042. (615) 
47-8708 (615) 986-4046 (615) 675-0150 
815) 226-5522. 


TREASURE FINDERS/ 
METAL DETECTORS 


With White's New EAGLE Metal 
valuable tems! Fun and profitable! Models 
from $99.95! 


Detector. 
to locate only 


For a Free Catalog 
Б 1800 WHITE'S ELECTRONICS 


1-900-547-6911 Dept. PB-7 Sweet Home, OR 97388] 


TREASURE Finder Locates Buried 
Gold, Silver, Coins, Treasures. Free Cata- 
ber d RC10, Box 920839, Houston, TX 


FIND Old Coins, Jewelry, Gold Nuggets, 
New Patented Revolutionary Device. Free 
Catalog. Gardiner Electronics, 31311, М. 
35th Ave., Suite K, Phoenix, AZ 85017. 


looa DEGREES, High School 
iplomas. Authentic looking. Free Cata- 
. National Certificate, Dept. PS 126,210 
Avenue, New York, 10010 (718) 768- 
03 Ext. 100 (24 Hours). 


poneis - SHIPS, CARS, PLANES 
WORKING STEAM MODELS! KITS OR 


. Stunning 34-page colored 
Patalog $4.95 (refundable) Large Dis- 
tounts, Diamond Enterprises, Dept PSA, 
Box 537, Alexandria bay, NY 13607. (613) 
175-1771. 


PROFITABLE OCCUPATIONS 


| HYDRAULIC JACI REPAIR MANUAL 
\nd catalog $10.00. Hydraulic Parts Sup- 
ly, Box 4157, Brownsville, TX 78523-. 4187. 


Jantes cu minm а ашаа Жина 
REPAIR lawnmowers thousands of parts 
ind oH wholesale list 50е. Ellwanger's 
'O. Box V, Port Jervis, NY 12771. 


HowDoYouKnow 
When Your Numbers Up? 


The number we're talking 
out is your cholesterol num- 
r. Ifit's high, you may be at 
x for a heart attack. Without 
en knowing it. 

So find out where you 
nd. Because there are ways 
lower high blood cholesterol 
d reduce your risk. 

Know your number. Have 
ur blood choles- С 4 
ol level checked. 
National Cholesterol 
Education Program. 
ional Heart Lung and Blood Institute. 


mal Institutes of Health, E rice ea 
Department of Health and Human Services 


BURIED TREASURE 


TU RESEARCH PRODUCTS 
вох 270270- TAMPA, FLORIDA 33688 


ma. [fe cedars pace add 7 
soles tex) for each plaything to: 


Norman Beck, Po Box 5518 
55208 


Free 
КЗ Ll 


MAGIC TRICKS 


MAGIC! Huge Cata- 
log, over 1,000 Tricks and Books. $4.50. 
Hank Lee's Magic Factory, Dept PS8, 125 
Lincoln Street, Boston, MÀ 02111. 


STAMP COLLECTING. 


PENNY Stamp Approvals. Regardless 
Catalog. C. Kloster, 4164 52nd St. San 
Dec CA 92105. 


Surprise Collection With Approv- 
Nur Jay, Box 50128, Petaluma, CA 94975. 


50 DIFFERENT Old U.S. Between 1861 
and 1939 $1.00. Rousch, Box 3734, Mans- 
field, OH 44907. 


FREE US coil pair with approval. Corl- 
son, RT2 Box 112P, Annandale, MN 55302 


UNITED NATIONS 3 Com; 
Sets 25¢, Approvals. Cornetta, 
Lake Placid, FL 33852. 


FREE Stamp Catalog-Complete with all 
the latest bargains on stamps and related 
supplies, Yours FREE when requesting 
approvals. Buy only what you like-Return 
the rest. Please specify U.S. or Foreign Cat- 
alog. „Falcon Stamp Сотрапу Dept. 
FC88PSF, Falconer, NY 147: 300. 


1,000 MIXED U.S. $300 Approvals 
Albums, Accessories, Supplies. Shirley 
Patterson, Dept 102, Box 29307, Dallas, 
TX 752: 


lete Mint 
В 1509-P, 


DISCOUNT: Request Countries, Free 
List, Iva's, Box 197, Hanford, CA 93232. 


FREE PRICE LIST. FMCN, INC., 513 
FAIRVIEW, RIDGEFIELD, NJ 0765: 


1000 STAMPS $2.95! Guaranteed worth 
aver $30 at standard catalog prices! Money 
back if not delighted. Approvals. Kenmore 
OT-097, Milford, NH 03055. 


1,023 WORLDWIDE POSTAGE 
STAMPS—ONLY $3.00! 


Other 


approval 
stamps included. Buy any or none. 


service. exciting 
return balance. 
WILTON STAMP CO., Dept. PS 8 
P.O.B. 850, WILTON, NH 03086 


LOANS BY MAIL 


IMMEDIATE Loans to deserving individ- 
uals refused elsewhere. Many plans 
included. Try us! Associates, Box 98-P3, 
Brooklyn, NY 11235. 


BORROW $40,000 "overnight" Any 
ратон Free вре Success Research, 
x 19739-FV, Indianapolis, IN 46219. 


$100,000 line credit without investiga- 
tion! Private Swiss bank account! Other 
vena benefits! Free valuable report! 
АСС PS-8, Box 5399, Torrance, CA 


Pr 
NEED EXTRA CASH? WE'LL CASH 


FREE MONEY! $300,000.000 GIVE- 
AWAY. Grants. Never repay. 

Jakla, Box 3066-PS88, Seminole, FL 
34642. 


BORROW any amount! Get Visa 
MasterCard! Instant reply! Sunrise, 
Box 42P, Bethpage, NY 11714-0042 / 
(516) 349-1649. 


BORROW 3500-540,0001 "Over. 
night" On Signature. Keep indefinitely! 
Action Box 5499-Y, Diamond Bar, CA 
91765. 


ARAB BUSINESSMEN have money to 

buy/invest. Top finder's fees paid. IMEA, 

BS/PSL Box 3574, Newport Beach, СА 
p (714) 722- 0. 


$500 - $75,000 LOANS AVAILABLE! 


Any pui No Collateral. Free applica- 
tion. Industry, Box 531, Bronx, NY 
10461 
VISA/MASTERCARD guarantee 
Applications — rushe 


ox 35726-A, Ric 


OF INTEREST TO ALL 
MESSIAH PROMISED LIFE TO THE 


WINNINGEST Numbers, combinations, 
proven beat odds, Bingos, Horse, dogs, har- 
ness, lotteries, $5.00. POB 70636, Pasa- 
dena, CA 91107. 


BIORHYTHMS mo/Sl6yr. Send 
Birthdate Te Towne Services, Box 23960, 
Balto. MD 21203. KNOW Your Capabili- 
ties. Daily. 


MYSTICAL POWERS Fed up, had 
enough, change your life, deepen your per- 
ception. Gavin & Yvonne, Box 1393-PS, 
Newbern 560. 


MULTIFACETED personal gro 
anteed! Use hottest, jn tech ps: eth 
biochemical technology available for uiti- 


mate mind-body development, Send $5.00. 
Personal 


Development, McLean, VA 


Е 


GOVERNMENT, Freebies Write То: 
RJR, 11 Leonard St., Stamford, CT 06906. 


TRAVEL AID carry 5 coat hangers with 
one “T” handle. No more cramped fingers, 
Satisfaction guaranteed or your money 
cheerfully refunded. Send $4.50 to: Ira 
Aid, Dept 110, 201 S. Jefferson St., Pensa- 
cola, FL 32501. 


SAVE MONEY selling your own home. 
Complete Guide. $5 ppd, Associates Shar- 
ing Knowledge, 526-C Gregory Avenue, 
Bridgewater, NJ 08807 


DEAL A MILLION CARDS! The fun, 
easy way to select your winning lottery 
numbers. Send $3.50 to 8087 Auburn R 
Winnebago, Ilinois 61088. DISTRIBU- 
TORS WANTED. 


UNSECURED Personal Loans, & Credit 


Problems. O.K. Employment Required 
(702) 795-5874. 

VISA! Regardless of 
Credit Experience! Apply Toll-Free, 
Hours: 1-800-227-8472 Extension 26. 


IEED CREDIT? Cash? Visa or Master- 
card? Let us help! G&S Credit Co., Р.О. Box 
14108, San Luis Obispo, CA 93406. 


SPECIAL SERVICES 

INFORMATION On Anything. Ferguson 

Research Specialists. 6 Woodside Ave- 
nue, Woodside, NY 11377. 
GIFTS 


FREE - 45 - Page of Gifts for you and your 
Family - R&R GIFTS, 5733F South Wol- 
cott, Chicago, IL 60636. 


EMPLOYMENT INFORMATION 


JOBS, Cruiseships, Tugs, Ships, 
boats, Oilrigs: Women-Men. Worl 
Home month. USA + Overseas. Informa- 
tion $3.00 Marine Employment, Box 223 
Central, IN 47110. 


GOVERNMENT JOBS $16,040 - 
$59.230/yr. Now Hiring. Your Area. Call 
805-687-6000 Ext. R-20025 for current 
Federal list 


FORGOTTEN TOY. Simple, relaxing 
fun. Profit Potential. Plans $3.00. Plans 
and toy $5.00. 4649 Glanmire Dr, VA. 
Beach, VA 23464. 


ELECTRONICS, 
STEREO HI FI 


LASERS, From $89.95 Write: MWK 
кишка, ee 852 Katella #340PS, Ana- 
eim, 


GOV'T SURPLUS 


NARCOTICS RAID SEIZURES 
Autos- Vans Boats -Airplanes -Millions 
Surplus Bargains .. many 1% original cost! 
"Nationwide Sales Direciory -- $3.00. Dis- 
posal, Box 19107-FT, Washington, DC 
2003 


PROFIT From Government Surplus 
Cars, Boats, Computers, Furniture, Thou- 
sands other items. DOD Sales Buyer's 
Guide $3.00 plus $1.00 handling. FMH, 
809-PS7, Clearlake, Cocoa, FL 32922. 
Visa/Mastercard. 


JEEPS $60, $4, Boats, 
Cars at fraction of cost! Report tells about 
Gov't Surplus bargains. $3.00 Guaranteed! 
General Products, 2554 Lincoln Blvd., 
Suite 428A, Marina del Rey, CA 90291. 


HYPNOTISM 


EASY Works! Excellent Pay! Assemble 
products at home. For info. Call-504-641- 
8003 Ext. A-8068. 


OVERSEAS: $25,000 - $75,000+ 
Free Report! Employment, Box 19760-FV, 
Indianapol 46219. 


$1000 MONTHLY. Part Time. Must 
have answering machine. 1-416-482-3 
X152A, Days/Evenings/ Weekends. 


GET THAT JOB!!! JOB WINNING 
ANSWERS TO 100 INTERVIEW QUES- 
TIONS! $4.95: Resu-MAIL/PS8, Box 343, 
East Detroit, MI 48021. 

INCREASE JOB - CAREER OPPORTU- 
NITIES. Write-update your RESUME. 
$5.00 shipping-handling for “RESUME 
кїт". Rockcyn International, 11 Forsythia 
Rd., Bramalea, Ontario, Canada L6T 2G2. 


SONGWRITERS 


-SONGS WANTED. Free Pub- 
lishing/Promotions. Broadway Music, Box 
Sarasota, FL 33578. 


FREE Hypnotism. Sleep Learning Publi- 
cation DLP, Box 487, Anaheim. CA 92815. 


FREE Hypnotism, Self-Hypnosis, Sleep 
Learning Catalog! | Drawer P5400, Rue 
doso, NM 88345. 


9. 
MUSICAL INSTRUMENTS 


INTERNATIONAL VIOLIN COMPANY, 
Catalog for instrument makers, repairers. 
Imported tonewood, tools, varnishes, parts, 


accessories, strings, cases. European 
instruments. Bows. Assemble yourself vio- 
lin and guitar kits. Catalog $1.00 includes 
10% discount certificate. Dept. MH, 4026 
W. Belvedere Ave., Baltimore, MD 21215. 


PATCHES DECALS & BADGES 


GUARANTEED {бз Emblem Prices! 
Pins. Decals. Free Catalog/Quotes. Stadri, 
61R Jane, NY pon (219) 929-2293. 
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Product Information 


ADVERTISEMENT Ва 


Booklets, catalogs, and folders listed below provide reliable informa- 
tion, illustrations, and specifications to help you in planning the pur- 
chase of a variety of products or services offered by these dependable 


companies. The convenient order form will save you time and post- 
age. Orders will not be processed unless accompanied by the $1 
handling fee. For your safety, please do not send cash. 


801 Lawn Mowers American Honda Motor 
Co.'s brochure gives details on the full line of 
Honda lawn mowers—from compact models 
to durable commercial mowers for heavy-duty 
use. Most models feature overhead-valve four- 
stroke engines. Free 


802 Wood Stoves High-efficiency clean- 
air-approved wood stoves and fireplace inserts 
from Avalon are detailed in the company's full- 
color informative brochure. Free 


803 Redwood Interiors The four-page color 
brochure from the California Redwood Asso- 
ciation gives information about finishing and 
restoring redwood lumber paneling. An easy- 
to-read chart describes various finishes, their 
uses and effects, and gives instructions for 
application and maintenance. 60¢ 


804 Traffic Radar The principles behind 
traffic radar are explained in Cincinnati Mi- 
crowave's brochure, including limitations that 
can result in incorrect speed readings. You'll 
also find information on the company's Es- 
cort and Passport radar warning receivers. Free 


805 Generators Coleman Powermate elec- 
tric generators range in size from 800 to 
7,000 watts and are available in stylized por- 
table models or industrial commercial ones. 
This color brochure gives details on all gener- 
ators in the Coleman line. $1 


806 Custom Car Covers А custom-fit car 
cover is one of the best ways to protect and 
care for your car. Exoto's Coverup is made of 
Evolution 3 fabric, and will give your vehicle 
the superior protection it deserves. A full-color 
folder explains how. 50€ 


807 Lawn Care The Green Machine has 
five interchangeable tools: string-trimmer/ 
brush-cutter, edger, weeder/cultivator, power 
blower, and snow thrower. All five tools are 
driven by one powerful 24. 1-cc two-cycle en- 
gine. A color specification sheet lists features 
and applications. Free 


808 Home Plans This unique plan book 
from Home Planners features 150 designs of 
lV-story houses with Cape Cod, Williams- 
burg, Tudor, and other traditional exteriors, 
as well as contemporary styles. This endur- 
ing and popular house size, with first-floor 
sleeping facilities, permits expansion at a later 
date. Over 475 illustrations are included in 
the 128-page book. Blueprints are also avail- 
able at low cost. $3.95 


809 Whirlpool Baths The Designer Series 
from Jacuzzi Whirlpool Bath is showcased in 
a 20-page color catalog. Beautiful styling, lux- 
ury features, and a wide variety of sizes and 
colors all make for the ultimate relaxation 
experience. $2 


810 Wood Stoves  Top-quality Osburn wood 
stoves and fireplace inserts are highly efficient 
and clean-air certified. This color brochure 
has information on the Victorianaire, Osburn's 
largest stove, designed to heat up to 2,500 
square feet; the Regent 1500; and the Re- 
gent 1000. Specification charts are included. 
Free 


811 Steel-Framed Homes Paragon Steel 
Structures' brochure outlines the features and 
benefits of building with steel. Renderings and 
floor plans of basic models are included. Par- 
agon's brochure can help you discover how to 
build a safe, durable home more economi- 
cally. $1 


812 Textured Finishes — Stuc-O-Flex from 
Perma-Chink Systems is an elastic stuccolike 
coating for interiors and exteriors that won't 
chip, crack, or blister. It's easy to apply and 
clean up. A guide gives detailed information 
on all applications. Free 


813 FireScreens This full-color four-page 
brochure from Portland Willamette introduces 
the new Glassfyre Premier handcrafted, cus- 
tom-made glass-door fire screen. Top-quality 
solid brass screens are individually crafted for 
each fireplace. Free 


814 Drip Watering Learn more about drip 
watering with Raindrip's pamphlet for home- 
owners. Planning, installation, operation, and 
maintenance are covered in easy-to-under- 
stand terms. Raindrip will send a rebate cou- 
pon good for up to $5 with each request. $1 


815 Power Tools This fold-out color bro- 
chure has descriptions of Ryobi America's 
high-quality power tools for professionals and 
do-it-yourselfers, including cordless, gas- 
powered, and rugged portable models. Free 


816 Engine Treatment Slick 50/Vapor Jet 
offers information on a friction-reducing en- 
gine treatment. One treatment added to your 
oil permanently coats your engine with poly- 
tetraflouroethylene, the "'slipperiest substance 
known to man." Free 


817 Fireplaces The complete line of fac- 
tory-built wood-burning and gas fireplaces 
from Superior Fireplace is featured in this 
16-page color brochure. The fireplaces are 
decorative and easy to install. Information on 
accessories, options, and warranties is given 
along with photos of each model. 50¢ 


818 Moving U-Haul International's 18- 
page color brochure shows you how to pack 
and load a truck or trailer like a pro. It in- 
cludes tips on hard-to-move items, such as 
appliances and breakables. Free 


819 Radiator Maintenance Radiator Magic 
is a biodegradable additive from Universal So- 
lutions designed to continuously eliminate 
rust, scale, and corrosion from automobile, 
truck, and motor-home radiators. Free 


820 Automotive Instruments A catalog 
from VDO-Yazaki contains 40 pages of pho- 
tos and information on the VDO line. From 
tachometers, speedometers, and pressure and 
temperature gauges to voltmeters and amme- 
ters, VDO instruments are designed to accu- 
rately monitor a broad range of engine func- 
tions and environmental conditions. $2 
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POPULAR SCIENCE Р.О. Box 5131, Pittsfield, Mass. 01203-5131 
Note: Poputar Science Massachusetts address is for Product Information only. 


Please send the items checked below. | am enclosing $1 handling charge (any 


THIS COUPON EXPIRES OCTOBER 31, 1988 Wi 


number of items per coupon) plus amount required for priced items. Orders will not 

be processed unless accompanied by the $1 handling fee. Do not send cash. LAM ENCLOSING 

0801 0 805 $1 О 809 $2 0813 0 817 50¢ $— — — for priced items 

0 802 O 806 50е o 810 0 814 $1 o 818 1.00 

0803 60¢ (01807 о 811 $1 01815 О 819 Sr nda, 

oO 804 02 808 $3.95 0 812 0 816 о 820 $2 $. TOTAL REMITTANCE 
Name (please print) 

Address City & State Zip 


Please send check or money order made out to PoPULAR SCIENCE. 
No stamps or foreign currency. Allow approximately six weeks' delivery. 
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Unless you have this in your car, 


you'd better have 
this in your trunk. 


A flat tire predictor on the dash would be great. 
Something to tell you your tire’s about to go flat in 
a rain storm. Or there's a nail just ahead with your 
name on it. Unfortunately, there’s no such thing. 

So until there is, you'd better have Air Supply®. 
The tire sealer & inflator with more active ingredients 
than other brands. It’s guaranteed for 2 years 
from the date of purchase. And it’s the easiest, 
quickest, cleanest, and safest way you'll ever fix your 
flat tire. 

There are no tools, jacks or spares to fool with. 
Just attach the hose to your tire’s valve stem, and 
you’re minutes away from getting back on the road. 
Plus, Air Supply is NON-FLAMMABLE, so it’s safe to 
use and safe to store in your car. 

But the best part is it seals most punctures 
permanently. And we mean permanently. 

Before you take off anywhere, you'd better take 
Air Supply with you. Because you can never predict 
when your next flat will be. 


Another Quality Product Of The Pennzoil Products Company. 


Frankly we 
ont expect you to 
believe this. 


And who could blame you? Almost every low tar cigarette 
claims great taste and less tar. But try a few and those claims 
quickly go up in smoke. With Merit, there’s a real difference. It’s called 
Enriched Flavor™ Only Merit has it. Which is why, in a nationwide test, a majority 
of smokers said Merit tastes as good or better than brands 
that have up to 38% more tar. See for yourself. 
You'll find Merit unbelievably good. 


Enriched Flavor)" low tar.jy | A solution with Merit. 


SURGEON GENERAL'S WARNING: Cigarette 
Smoke Contains Carbon Monoxide. ов Mord Ines ES 
Kings: 8 mg "'tar;' 0.6 mg nicotine av. per cigarette by FTC method. 


